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t h e  u s e f u l n e s s  o f  two w e l l - k n o w n  p s y c h o l o g i c a l  t e s t s  a s  s c r e e n i n g  
i n s t r u m e n t s  f o r  n e u r o l o g i c a l  d y s f u n c t i o n  i n  a l a r g e  and v a r i e d  i n s t i ­
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Method
The B ender V i s u a l - M o t o r  G e s t a l t  T e s t  (EOT) and Sym bol D i g i t  
M o d a l i t i e s  T e s t  (SDMT) w e re  a d m i n i s t e r e d  to  one  h undred  i n c a r c e r a t e d  
m a l e s  f ro m  f o u r  i n s t i t u t i o n s  o p e r a t e d  by  t h e  M ich ig an  D e p a r tm e n t  o f  
C o r r e c t i o n s .  The a t t e n d i n g  n e u r o l o g i s t  a t  t h e  p r i s o n  h o s p i t a l  had 
d i a g n o s e d  t h i r t y - f i v e  s u b j e c t s  a s  h a v i n g  i n t r a c r a n i a l  l e s i o n s ,  c l o s e d  
h e a d  t r a u m a ,  o r  c h r o n i c  c e r e b r a l  d i s e a s e  p r o c e s s ,  and s i x t y - f i v e  a s  
f r e e  f ro m  s i g n i f i c a n t  c e n t r a l  n e r v o u s  s y s te m  d i s o r d e r .
S c o r e s  o b t a i n e d  f ro m  t h e  SDMT and  from  t h e  BGT s c o r e d  w i t h  
t h e  M ain c r i t e r i a  w e re  com pared  t o  op tim um  c u t - o f f  s c o r e s  p r o v i d e d  by 
t h e  t e s t  and s c o r i n g  m ethod  a u t h o r s  t o  d e t e r m i n e  p r e s e n c e  o r  a b s e n c e  
o f  b r a i n  damage i n  t h e  s a m p le  s u b j e c t s .  The f r e q u e n c i e s  o f  c o r r e c t  
d i a g n o s e s  f o r  b o t h  t e s t s ,  and f o r  t h e  c o m b in a t io n  o f  t h e  two t e s t s  by 
a d d i n g  t h e  s c o r e s  t o g e t h e r ,  w e re  co m p a re d  by means o f  t h e  C h i - s q u a r e  
s t a t i s t i c  f o r  c o r r e l a t e d  s a m p le s .
R e s u l t s
The two t e s t s  p ro v e d  to  be  v i r t u a l l y  o p p o s i t e  i n  t h e i r  s e n s i -  
t i v i j i y .  The SDMT w as s i g n i f i c a n t l y  m o re  s e n s i t i v e  to  t h e  p r e s e n c e  o f  
b r a i n  damage in  t h e  s a m p le  s u b j e c t s ,  w h i l e  t h e  BGT was s i g n i f i c a n t l y  
m ore  s e n s i t i v e  to  t h e  a b s e n c e  o f  b r a i n  dam age . A d m i n i s t r a t i o n  o f  t h e  
two t e s t s  t o g e t h e r ,  and  a d d i t i o n  o f  t h e i r  s c o r e s  made no s i g n i f i c a n t  
im p ro v e m e n t  i n  t h e  f r e q u e n c y  o f  c o r r e c t  d i a g n o s i s  o f  t h e  a b s e n s e  o f  
b r a i n  dam age i n  t h e  s t u d y  s a m p le ,  and  o n l y  a s l i g h t ,  s t a t i s t i c a l l y  
i n s i g n i f i c a n t ,  im p ro v em en t  i n  t h e  d i a g n o s i s  o f  t h e  p r e s e n c e  o f  b r a i n  
dam age i n  t h e  s t u d y  s a m p le .
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C o n c l u s i o n s
The e x t e n t  t o  w h ic h  t h e  two t e s t s  a s s e s s  common n e u r o -  
b e h a v i o r a l  f u n c t i o n s  a p p e a r s  t o  b e  s i g n i f i c a n t l y  l e s s  t h a n  w as 
e x p e c t e d .  The BGT d e m o n s t r a t e d  a  h i g h e r  o v e r a l l  p e r c e n t a g e  o f  c o r ­
r e c t  d i a g n o s e s ,  b u t  by v i r t u e  o f  i t s  g r e a t e r  s e n s i t i v i t y  to  t h e  
a b s e n c e  o f  b r a i n  damage i n  t h e  s a m p le ,  a l s o  p r o d u c e d  a h i g h e r  f r e ­
q uency  o f  f a l s e  n e g a t i v e  d i a g n o s e s .  The SDMI, i n  c o n t r a s t ,  
d e m o n s t r a t e d  a  lo w e r  o v e r a l l  c o r r e c t  d i a g n o s t i c  r a t e  and a  h i g h e r  
f r e q u e n c y  o f  f a l s e  p o s i t i v e  d i a g n o s e s .
From t h e  d a t a  o b t a i n e d ,  i t  a p p e a r s  t h a t  t h e  g r e a t e s t  d i a g ­
n o s t i c  a c c u r a c y  c a n  be o b t a i n e d  w i t h  t h e  SDMT a l o n e ,  o r  u s e d  i n  
c o n j u n c t i o n  w i t h  o t h e r ,  m ore  c a r f u l l y  c o n s t r u c t e d  and  s t a n d a r d i z e d  
t e s t s  o f  v i s u o - g r a p h o - m o t o r  n e u r o p s y c h o l o g i c a l  f u n c t i o n s  t h a n  t h e  
B ender V i s u a l - M o t o r  G e s t a l t  T e s t .
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CHAPTER I 
THE PROBLEM 
I n t r o d u c t i o n
D ev e lo p m en t  o f  n e u r o p s y c h o l o g y  a s  a  d i s c i p l i n e  h a s  e s s e n t i a l l y  
p a r a l l e l e d  t h a t  o f  t h e  v a r i o u s  o t h e r  b r a n c h e s  o f  p s y c h o l o g y .  I n  c h a r ­
a c t e r i z i n g  n e u r o p s y c h o l o g y  a s  e x i s t i n g  " a t  t h e  i n t e r s e c t i o n  o f  t h e  
n e u r o s c i e n c e s  . . . and t h e  b e h a v i o r a l  s c i e n c e s "  (1 9 7 8 ,  p .  1 ) ,  H e c a e n  
and A l b e r t  d i r e c t l y  a d d r e s s  t h i s  f a c t  and s i m u l t a n e o u s l y  p o i n t  o u t  
a n o t h e r  s o u r c e  o f  n e u r o p s y c h o l o g i c a l  d e v e l o p m e n t ,  n am e ly  m e d i c i n e .  
I n d e e d ,  a s  o n e  p e r u s e s  t h e  h i s t o r y  o f  p s y c h o l o g y  and  m e d i c i n e ,  p a r t i c ­
u l a r l y  t h e  s p e c i a l t y  a r e a  o f  n e u r o l o g y ,  o n e  i s  s t r u c k  by t h e  l a r g e  
num ber o f  i n d i v i d u a l s  w hose  names a r e  common to  b o t h  d i s c i p l i n e s ,  and 
w hose  r e s e a r c h  h a s  fo rm ed  t h e  t h e o r e t i c a l  b a s i s  f o r  e a c h .
As i s  t h e  c a s e  i n  any  t r u e  s c i e n c e ,  w h e re  s y s t e m a t i c  o b s e r v a ­
t i o n  i s  t h e  b a s i s  f o r  i n f e r e n c e ,  n e u r o p s y c h o l o g y  i s  b a se d  upon 
s y s t e m a t i c  b e h a v i o r a l  o b s e r v a t i o n  and  a n a l y s i s  o f  b e h a v i o r a l  d i s t u r ­
b a n c e s  t h a t  a r e  f u n c t i o n a l l y  r e l a t e d  to  a l t e r a t i o n s  i n  n o rm a l  b r a i n  
f u n c t i o n .  S uch  a v ie w  i s  c o n s i s t e n t  w i t h  a  d e f i n i t i o n  o f  n e u r o p s y ­
c h o lo g y  a s  " t h e  s t u d y  o f  n e u r a l  m ec h a n ism s  u n d e r l y i n g  human b e h a v i o r "  
(H ecaen  & A l b e r t ,  1978, p . l ) .  N e u r o p s y c h o l o g i c a l  a s s e s s m e n t  h a s  
d e v e l o p e d  i n  r e s p o n s e  t o  t h e  n e e d s  o f  v a r i o u s  d i s c i p l i n e s  c o n c e r n e d  
w i t h  p s y c h o l o g i c a l  f u n c t i o n i n g .  P s y c h i a t r y ,  C l i n i c a l  P s y c h o l o g y ,  
C o u n s e l i n g  P s y c h o l o g y ,  and N e u ro lo g y  h av e  e a c h  c o n t r i b u t e d  t h e i r
1
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
u n i q u e  im p e t u s  to  n e u r o p s y c h o l o g i c a l  a s s e s s m e n t  p r a c t i c e .  I n  t h e  
c l i n i c a l  s e t t i n g ,  th e  p r a c t i t i o n e r  i s  c a l l e d  upon  to  e v a l u a t e  m a n i ­
f e s t  b e h a v i o r ,  a s s e s s  symptom i n t e n s i t y ,  f o r m u l a t e  d i a g n o s t i c  
i m p r e s s i o n s ,  and d e v e lo p  r e m e d i a l  p r o c e d u r e s .  When t h i s  s e t t i n g  i s  
s u c h  t h a t  t h e  p r a c t i t i o n e r  i s  c o n f r o n t e d  w i t h  l a r g e  n u m b e rs  o f  p e o p l e  
d i s p l a y i n g  a  w id e  v a r i e t y  o f  n e u r o l o g i c a l  o r  b e h a v i o r a l  d i s o r d e r s ,  
some m ean s  o f  d i s c r i m i n a t i n g  s t r i c t l y  b e h a v i o r a l  p ro b le m s  f r o m  t h o s e  
t h a t  a r e  n e u r o l o g i c a l l y  b a s e d  i s  e s s e n t i a l .
T h i s  d i f f e r e n t i a l  d i a g n o s t i c  p r o c e s s  may be  v ie w e d  a s  o c c u r ­
r i n g  i n  two s t a g e s .  The f i r s t  s t a g e ,  o r  s c r e e n i n g  p h a s e ,  i n v o l v e s  a 
more g e n e r a l i z e d ,  b ro ad  a p p r o a c h .  At t h i s  l e v e l  t h e  d i a g n o s t i c i a n  i s  
c o n c e r n e d  p r i m a r i l y  w i t h  t h e  n e c e s s i t y  t o  d e t e r m i n e  (1 )  w h e t h e r  o r  
n o t  s i g n i f i c a n t  l e v e l s  o f  d y s f u n c t i o n  e x i s t  t o  w a r r a n t  f u r t h e r  e v a l ­
u a t i o n ,  and  (2 )  what b r o a d  c a t e g o r i e s  o f  d y s f u n c t i o n  a r e  s u s p e c t e d .
The seco n d  p h a s e  o f  t h e  p r o c e s s  may b e  v iew ed  a s  a  c o m p l i m e n t  
to  o r  l o g i c a l  e x t e n s i o n  o f  t h e  f i r s t .  When i t  h a s  b e e n  d e t e r m i n e d  
t h a t  a  s i g n i f i c a n t  n e u r o l o g i c a l  p ro b lem  e x i s t s  o r  i s  i n d i c a t e d  by  t h e  
f i n d i n g s  f ro m  t h e  s c r e e n i n g  p r o c e d u r e ,  t h e  a c t u a l  d i a g n o s t i c  p r o c e s s  
b e g i n s .  A t t h i s  l e v e l ,  m ore  s p e c i f i c  i n f o r m a t i o n  i s  s o u g h t .  Among 
t h e  i s s u e s  t o  be s e t t l e d  a r e  w h e th e r  t h e  p ro b le m  i s  p s y c h o g e n i c ,  n e u ­
r o l o g i c a l ,  o r  horm onal i n  o r i g i n .  I f  i t  i s  d e t e r m i n e d  t h a t  t h e  
p ro b le m  i s  e s s e n t i a l l y  n e u r o l o g i c a l ,  t h e  l o c a t i o n ,  e x t e n t ,  a n d  s p e ­
c i f  i c n a t u r e  o f  t h e  l e s i o n  m u s t  be d e t e r m i n e d  a s  a c c u r a t e l y  a s  
p o s s i b l e .  L ezak  (1976) h a s  p o i n t e d  o u t  t h a t  s u c h  d a t a  a r e  e s s e n t i a l  
n o t  o n l y  t o  t h e  d i a g n o s t i c  p r o c e s s ,  b u t  to  t h e  f o r m u l a t i o n  o f  r e h a b i l ­
i t a t i o n  p l a n s  a s  w e l l .
I n  In  a p p r o a c h in g  t h i s  t a s k ,  t h e  c l i n i c a l  p s y c h o l o g i s t  o r
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n e u T o p s y c h o l o g i s t  s h a r e s  much i n  common w i t h  t h e  n e u r o l o g i s t .  Each 
i s  c o n c e r n e d  w i t h  th e  m a n i f e s t  b e h a v i o r  o f  t h e  p a t i e n t  a l b e i t  f o r  d i f ­
f e r e n t  p r a c t i c a l  r e a s o n s ,  and e a c h  r e l i e s ,  w h o l ly  o r  i n  p a r t ,  upon 
s y s t e m a t i c a l l y  o b t a i n e d  b e h a v i o r a l  o b s e r v a t i o n s  a s  t h e i r  p r i m a r y  d a t a  
s o u r c e .  Most o f t e n  t h e s e  s y s t e m a t i c  b e h a v i o r a l  o b s e r v a t i o n s  have  
t a k e n  t h e  fo rm  o f  one o r  a n o t h e r  t e s t  i n s t r u m e n t  o r  b a t t e r y .  One 
common c o n c e r n  s h a r e d  by b o t h  d i s c i p l i n e s  i s  f o r  t h e  r e s t o r a t i o n  o f  
t h e  p a t i e n t  t o  a s  n e a r  a n o rm a l  f u n c t i o n i n g  l e v e l  a s  p o s s i b l e .
Y e t ,  i n  s p i t e  o f  t h e s e  c o m m o n a l i t i e s ,  t h e  d i f f e r e n c e s  b e tw e e n  
t h e  d i s c i p l i n e s  o f t e n  c r e a t e  a  s i g n i f i c a n t  d e g r e e  o f  c o n f u s i o n  and 
a m b i g u i t y .  T h i s  c o n d i t i o n  i s  n o w h e re  m ore  a p p a r e n t  t h a n  i n  t h e  d e f i ­
n i t i o n s  g i v e n  to  key c o n c e p t s  w h ic h  a r e ,  i n  t u r n ,  d i r e c t l y  r e l a t e d  to  
d i f f e r e n c e s  i n  t h e  manner i n  w h ic h  e a c h  d i s c i p l i n e  a p p r o a c h e s  t h e i r  
common g o a l s .  S m ith  ( 1 9 6 2 ) ,  i n  a n  e x t e n s i v e  r e v i e w  o f  t h e  t h e n  e x t a n t  
l i t e r a t u r e  o f  n e u r o p s y c h o l o g y ,  d i r e c t l y  a d d r e s s e d  a  num ber o f  t h e s e  
a m b i g u i t i e s .  W h i le  c r i t i c a l l y  a n a l y z i n g  r e s e a r c h  d e s i g n s ,  i n s t r u m e n ­
t a t i o n ,  and  p ro p o s e d  c o n c e p t  d e f i n i t i o n s ,  he o b s e r v e d :
The i n c r e a s i n g  a p p l i c a t i o n  o f  p s y c h o l o g i c a l  t e s t s  i n  r o u t i n e  
n e u r o l o g i c a l  d i a g n o s t i c  s t u d i e s  r e f l e c t s  t h e  u n i v e r s a l l y  a c k n o w l­
e d g e d  f i n d i n g  t h a t ,  how ever d e f i n e d ,  t h e  m e n t a l  f u n c t i o n s  t h e s e  
t e s t s  a r e  assum ed to  m e a s u re  a r e  a p p a r e n t l y  im p a i r e d  i n  t h e  o v e r ­
w h e lm in g  m a j o r i t y  o f  p a t i e n t s  w i t h  b r a i n  l e s i o n s ,  ( p .  312)
Y e t ,  i t  i s  p r e c i s e l y  t h e  a s s e s s m e n t  a s p e c t  o f  n e u r o p s y c h o l o g ­
i c a l  d i a g n o s i s  i n  w h ich  much o f  t h e  a m b i g u i t y  and c o n c e p t u a l  c o n f u s i o n  
i s  p e r p e t u a t e d .  A b r i e f  s u r v e y  o f  t h e  l a r g e  and  g ro w in g  num ber o f  
n e u r o p s y c h o l o g i c a l  t e s t s  a v a i l a b l e  l e a d s  t o  a  r e c o g n i t i o n  o f  t h e  a c c u ­
r a c y  o f  S m i t h ' s  o b s e r v a t i o n  e v e n  now, m ore  t h a n  tw e n ty  y e a r s  l a t e r .
Two c o n s i d e r a t i o n s  seem c r i t i c a l  i n  t h i s  r e g a r d .  F i r s t  i s  t h e  f a c t  
c h a t  m any  o f  Che i n s t r u m e n t s  e v e n  now b e i n g  u s e d  i n  n e u r o p s y c h o l o g i c a l
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s c r e e n i n g  and d i a g n o s i s ,  p a r t i c u l a r l y  t h o s e  t h a t  w e re  d e v e l o p e d  and  
s t a n d a r d i z e d  e a r l i e r  t h a n  d u r i n g  t h e  l a s t  t e n  o r  tw e n ty  y e a r s ,  w e re  
p r o b a b l y  d e s i g n e d  f o r  s u c h  p u r p o s e s  a s  i n t e l l e c t u a l  o r  p e r s o n a l i t y  
a s s e s s m e n t .  S e c o n d l y ,  i t  m u s t  be k e p t  i n  mind t h a t  no d i r e c t  l i n k  
b e tw e e n  s p e c i f i c  n e u r a l  c e l l  a s s e m b l i e s  and  m a n i f e s t  b e h a v i o r  h a s  
e v e r  b een  c o n c l u s i v e l y  e s t a b l i s h e d .  H e n c e ,  t h e  d i a g n o s t i c i a n  i s  e v a l ­
u a t i n g  b e h a v i o r a l  c o r r e l a t e s  o f  n e u r o p s y c h o l o g i c a l  o r  e l e c t r o c h e m i c a l  
e v e n t s  r a t h e r  t h a n  t h e  e v e n t s  t h e m s e l v e s .  T h u s ,  t o  t h e  a l r e a d y  e x i s t ­
i n g  p ro b le m s  o f  c o n c e p t u a l  a m b i g u i t y  an d  c o n f u s i o n ,  t h e  c l i n i c i a n  
a d d s  t h e  r i s k  o f  e r r o r  r e l a t e d  to  i n d i r e c t  m e a s u re m e n t .
A s s o c i a t e d  w i t h  t h e  t r a d e - o f f  b e tw e e n  b r e a d t h  o f  c o v e r a g e  and 
p r e c i s i o n  a l r e a d y  n o t e d ,  t h e  d e g r e e  o f  o v e r l a p  be tw een  two o r  m ore  
i n s t r u m e n t s  u s e d  i n  c o n j u n c t i o n  w i t h  o n e  a n o t h e r  a l s o  c o n f r o n t s  t h e  
c l i n i c i a n .  T h a t  i s ,  t h e  t e s t s  may b e  v ie w e d  a s  o v e r l a p p i n g  t o  t h e  
e x t e n t  t h a t  t h e y  a r e  m e a s u r in g  t h e  same n e u r o p s y c h o l o g i c a l  e v e n t s .  
W h i le  d i f f e r e n t  t e s t s  a r e  u n l i k e l y  t o  o v e r l a p  c o m p l e t e l y ,  i f  t h e y  a r e  
m e a s u r in g  s h a r e d  b e h a v i o r s  some d e g r e e  o f  o v e r l a p  c a n  b e  a n t i c i p a t e d .  
O b v io u s ly  t h e n ,  t h e r e  i s  an  i n v e r s e  r e l a t i o n s h i p  b e tw e e n  t h e  e x t e n t  
o f  o v e r l a p  ( t h e  e x t e n t  t o  w h ic h  t h e y  a l l  m e a s u r e  t h e  same t h i n g s )  
b e tw e e n  two o r  m ore  t e s t s  and t h e i r  co m b in ed  d i s c r i m i n a t i n g  p o w e r .
A l th o u g h  d e v e lo p m e n t  o f  some s i n g l e  " b e s t "  t e s t  o r  b a t t e r y  f o r  
s c r e e n i n g  o r  d i a g n o s i n g  b r a i n  dam age h a s  l o n g  b een  an  i n t r i g u i n g  p r o s ­
p e c t ,  to  d a t e  no  s u c h  b a t t e r y  o r  t e s t  h a s  b een  p r o d u c e d .  I n  s p i t e  o f  
c o n t i n u i n g  r e s e a r c h  and d e v e lo p m e n t  t h a t  h a s  p ro d u c e d  n u m e ro u s  t e s t s  
and  b a t t e r i e s  d e s i g n e d  f o r  a s s e s s i n g  v a r i o u s  t y p e s  o f  n e u r o l o g i c a l  
d y s f u n c t i o n ,  n o n e  h a s  a c h i e v e d  u n i v e r s a l  a c c e p t a n c e .  M o re o v e r ,  i n  
s p i t e  o f  i n c r e a s i n g  s o p h i s t i c a t i o n  i n  b o t h  i n s t r u m e n t s  and e v a l u a t i o n
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
p r o c e d u r e s ,  t h e  n e u r o p s y c h o l o g i s t  s t i l l  m u s t  r e l y  upon  m e a su re m e n t  o f  
t h e  b e h a v i o r a l  c o r r e l a t e s  o f  n e u r a l  e v e n t s  r a t h e r  t h a n  t h e  n e u r a l  
e v e n t s  t h e m s e l v e s  f o r  d a t a ,  and  he  o r  s h e  s t i l l  o f t e n  r e l i e s  upon 
t e s t s  t h a t  w e re  d e s i g n e d  an d  s t a n d a r d i z e d  f o r  o t h e r  u s e s .  Some o f  
t h e s e  i n s t r u m e n t s  have  become so  w i d e l y  u s e d  i n  n e u r o p s y c h o l o g i c a l  
a s s e s s m e n t ,  t h a t  t h e y  h a v e  a c q u i r e d  " s t a n d a r d "  s t a t u s .  In  many c a s e s  
t h e s e  t e s t s  h a v e  r e p e a t e d l y  d e m o n s t r a t e d  a c c e p t a b l e  l e v e l s  o f  v a l i d i t y  
and r e l i a b i l i t y  i n  n e u r o p s y c h o l o g i c a l  d i a g n o s t i c  a p p l i c a t i o n s .
I n  t h e  p r e s e n t  s t u d y ,  a s i d e  f ro m  g e n e r a l  t h e o r e t i c a l  c o n s i d e r ­
a t i o n s  e s s e n t i a l  t o  u n d e r s t a n d i n g  h i s t o r i c a l  p e r s p e c t i v e s  and 
e v a l u a t i n g  t h e  c u r r e n t  s t a t u s  o f  t h e  n e u r o p s y c h o l o g i c a l  a s s e s s m e n t  
f i e l d ,  t h e  f o c u s  i s  e s s e n t i a l l y  e m p i r i c a l .  The two t e s t s  to  b e  com­
p a re d  may b e  v ie w e d  a s  r e p r e s e n t a t i v e ,  i n  a  s e n s e ,  o f  t h e  two c l a s s e s  
o f  d i a g n o s t i c  t e s t s  j u s t  n o t e d .  The B en d e r  V i s u a l - M o t o r  G e s t a l t  
( h e r e a f t e r  r e f e r r e d  t o  a s  t h e  B en d e r  G e s t a l t  T e s t ,  t h e  B ender  G e s t a l t ,  
o r  s im p ly  t h e  BGT) h a s  c o n t i n u e d  to  e n jo y  w id e  p o p u l a r i t y  among c l i n i ­
c i a n s  e v e n  i n  t h e  f a c e  o f  c o n t i n u i n g  e q u i v o c a l  e v i d e n c e  r e g a r d i n g  i t s  
u s e f u l n e s s  a s  a  n e u r o d i a g n o s t i c  i n s t r u m e n t  and i n  s p i t e  o f  o r i g i n a l l y  
b e in g  d e s i g n e d  f o r  o t h e r  u s e s .  On t h e  o t h e r  h a n d ,  t h e  Symbol D i g i t  
M o d a l i t i e s  T e s t  (SDMT), a c a r e f u l l y  d e s i g n e d  and s t a n d a r d i z e d  t e s t  
s p e c i f i c a l l y  i n t e n d e d  f o r  n e u r o d i a g n o s t i c  u s e ,  i s  s u p p o r t e d  by  a 
g row ing  bod y  o f  r e s e a r c h  a t t e s t i n g  t o  i t s  v a l i d i t y  and r e l i a b i l i t y .
A d d i t i v e  o r  s u b t r a c t i v e  s e l e c t i o n  i s  o n e  p r a c t i c a l  c o n s e q u e n c e  
o f  e v a l u a t i o n ,  and  s e l e c t i o n  o f  t h e  m o s t  p a r s i m o n i o u s ,  e c o n o m i c a l ,  
and e f f e c t i v e  t e s t s  p o s s i b l e  i s  a  p ro b le m  f a c e d  by e v e r y  c l i n i c i a n .
In  a  c l i n i c a l  s e t t i n g ,  s u c h  c o n c e r n s  a r e  o f  som ewhat g r e a t e r  im p o r­
t a n c e  t h a n  i s  t h e  s p e c i f i c  t h e o r e t i c a l  h e r i t a g e  o f  t h e  t e s t  o r  b a t t e r y .
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I t  i s  w i t h i n  t h i s  g e n e r a l  c o n t e x t  t h a t  t h e  p r e s e n t  s t u d y  a d d r e s s e d  t h e  
q u e s t i o n  o f  t h e  v a l i d i t y  and  r e l i a b i l i t y  o f  t h e s e  two w i d e l y  u s e d  p s y ­
c h o l o g i c a l  t e s t s  when u s e d  a s  n e u r o p s y c h o l o g i c a l  s c r e e n i n g  i n s t r u m e n t s  
e i t h e r  i n d i v i d u a l l y  o r  i n  c o m b i n a t i o n .
S t a t e m e n t  o f  t h e  P ro b le m
E x a m in a t io n  o f  t h e  B en d e r  G e s t a l t  and Symbol D i g i t  M o d a l i t i e s  
t e s t s  s u g g e s t s  t h a t  b o t h  i n s t r u m e n t s  t a p  common v i s u a l - m o t o r ,  v i s u a l -  
p e r c e p t u a l ,  i n t e g r a t i v e ,  and  c o o r d i n a t i o n  s k i l l s .  At t h e  same t i m e ,  
w h e r e a s  t h e  B ender G e s t a l t  i s  p e r h a p s  more i n v o l v e d  i n  e l i c i t i n g  
i n f o r m a t i o n  a b o u t  p e r c e p t u a l  q u a l i t i e s ,  t h e  Sym bol D i g i t  M o d a l i t i e s  
T e s t  a p p e a r s  p a r t i c u l a r l y  s e n s i t i v e  t o  d e f i c i t s  i n  l a n g u a g e - r e l a t e d  
s y m b o l ic  f u n c t i o n s  and n o n - l a n g u a g e  a b s t r a c t  s y m b o l i c  c o g n i t i v e  f u n c ­
t i o n s .  To t h e  e x t e n t  t h a t  t h e  two t e s t s  do n o t  o v e r l a p  t h e n ,  a  h i g h e r  
d e g r e e  o f  d i s c r i m i n a t i n g  pow er may b e  e x p e c t e d  f ro m  t h e  com bined  u s e  
o f  t h e  two t e s t s .
In  t h e  f a c e  o f  f i n d i n g s  t o  b e  p r e s e n t e d  i n  c h a p t e r  I I ,  i t  i s  
som ewhat s u r p r i s i n g  t h a t ,  a l t h o u g h  i t  h a s  b een  s u g g e s t e d  t h a t  u s e  o f  
Che two t e s t s  t o g e t h e r  w o u ld  p r o v i d e  a  u s e f u l ,  q u i c k  s c r e e n i n g  b a t t e r y  
f o r  u s e  i n  a n e u r o lo g y  p r a c t i c e  ( C a n t e r ,  1 9 7 8 ) ,  a p p a r e n t l y  no a t t e m p t  
h a s  b e e n  made to  d i r e c t l y  co m p are  t h e  two t e s t s  o r  to  a s s e s s  t h e  
d e g r e e  o f  o v e r l a p  b e tw e e n  th em , i f  a n y .  N e i t h e r  h a s  t h e r e  a p p a r e n t l y  
b e e n  an y  a t t e m p t  t o  d i r e c t l y  co m p are  t h e  p e r f o r m a n c e  o f  t h e  two t e s t s  
u s i n g  t h e  same sa m p le  o f  s u b j e c t s .  In  a t t e m p t i n g  to  a d d r e s s  b o t h  o f  
t h e  a b o v e  i s s u e s ,  t h e  p r e s e n t  s t u d y  y i e l d e d  d a t a  r e l e v a n t  t o  t h e  u t i l ­
i t y  o f  b o t h  i n s t r u m e n t s  u s e d  i n d i v i d u a l l y  o r  t o g e t h e r  t o  e v a l u a t e  
n e u r o l o g i c a l  d y s f u n c t i o n .  M o r e o v e r ,  t h e  s t u d y  p r o v i d e d  a m eans o f  
f u r t h e r  t e s t i n g  o f  S m i t h ' s  a s s e r t i o n  ( c i t e d  i n  W a lk e r ,  1983) t h a t
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7"The SDMT i s  p r o b a b l y  Che m o s t  e c o n o m ic ,  s e n s i t i v e ,  v a l i d  and u s e f u l  
s i n g l e  t e s t  f o r  d i f f e r e n t i a l  d i a g n o s i s  and f o r  g e n e r a l  c l i n i c a l  
a s s e s s m e n t "  ( p .  4 8 5 ) .
P u r p o s e  o f  t h e  S tudy
The p u r p o s e  o f  t h i s  s t u d y  was to  e v a l u a t e  t h e  a b i l i t y  o f  t h e  
B e n d e r  G e s t a l t  and Symbol D i g i t  M o d a l i t i e s  t e s t s  t o  d i s c r i m i n a t e  
b r a i n  damaged s u b j e c t s  r e p r e s e n t i n g  a  b ro a d  s p e c t r u m  o f  e t i o l o g y ,  
t y p e ,  e x t e n t ,  and  l o c u s  o f  l e s i o n  from  n o n - b r a i n - d a m a g e d  s u b j e c t s .
R e s e a r c h  H y p o th e s e s
In  o r d e r  to  p r o v i d e  f o c u s  and d i r e c t i o n  to  t h e  c u r r e n t  s t y d y ,  
two r e s e a r c h  h y p o t h e s e s  w e re  p r o p o s e d :
1 . The SDMT w i l l  d i s c r i m i n a t e  t h e  p r e s e n c e  o r  a b s e n c e  o f  
b r a i n  dam age i n  t h e  s a m p le  s u b j e c t s  s i g n i f i c a n t l y  b e t t e r  t h a n  t h e  
B en d e r  G e s t a l t  T e s t  when t h e  two a r e  u sed  i n d i v i d u a l l y .
2 .  C om bin ing  Che o b t a i n e d  s c o r e s  f o r  t h e  two t e s t s  w i l l  
p r o d u c e  a  s i g n i f i c a n t l y  h i g h e r  f r e q u e n c y  o f  c o r r e c t  d i a g n o s e s  o f  t h e  
p r e s e n c e  o r  a b s e n c e  o f  b r a i n  damage th a n  w i l l  be  o b t a i n e d  by e i t h e r  
t e s t  u s e d  a l o n e .
Assumptions
I d e a l l y ,  i n  r e s e a r c h  e n d e a v o r s ,  a l l  v a r i a b l e s  e x c e p t  t h e  
e x p e r i m e n t a l  v a r i a b l e  o r  v a r i a b l e s  a r e  c o n t r o l l e d  by  some m eans so  
t h a t  a  c a u s e - e t f e c t  r e l a t i o n s h i p  can  be p o s i t e d  b e tw e e n  t h e  t r e a t m e n t  
p r o c e d u r e  and o b s e r v e d  c h a n g e  i n  t h e  e x p e r i m e n t a l  v a r i a b l e .  In  p r a c ­
t i c e  h o w e v e r ,  s u c h  a  s t r a i g h t f o r w a r d  p r o c e d u r e  i s  s e ld o m  p o s s i b l e .
T h i s  i s  p a r t i c u l a r l y  t r u e  i n  s o c i a l  o r  e d u c a t i o n a l  r e s e a r c h ,  w h e re  
t h e  u s e  o f  human s u b j e c t s  p r e c l u d e s  a b s o l u t e  c o n t r o l  o f  a l l  p o t e n t i a l l y
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8r e l e v a n t  v a r i a b l e s .  When s u c h  c o n d i t i o n s  p r e v a i l ,  t h e  r e s e a r c h e r  I s  
c a l l e d  upon to  d e s i g n  c o n t r o l s  I n t o  h i s  p r o c e d u r e s  by m eans o f  s p e c i a l  
s u b j e c t  s e l e c t i o n  t e c h n i q u e s ,  s t a t i s t i c a l  t r e a t m e n t  o f  t h e  d a t a ,  and 
by t h e  a c c e p t a n c e  o f  c e r t a i n  a  p r i o r i  a s s u m p t i o n s  r e g a r d i n g  t h e  n a t u r e ,  
r e l a t i o n s h i p ,  and r e l a t i v e  I n f l u e n c e  o f  any  known u n c o n t r o l l e d  v a r i ­
a b l e s  upon t h e  o u tc o m e s  o f  t h e  s t u d y .
The p r e s e n t  s t u d y  u n a v o i d a b l y  I n c o r p o r a t e d  a som ewhat c i r c u l a r  
r e l a t i o n s h i p  b e tw e e n  t h e  c r i t e r i o n  and e x p e r i m e n t a l  v a r i a b l e s .  T h a t  
I s ,  t h e  n e u r o l o g i s t .  I n  e s t a b l i s h i n g  a d i a g n o s i s  o f  t h e  p r e s e n c e  o r  
a b s e n c e  o f  b r a i n  d a m a g e ,  f r e q u e n t l y  r e l i e s  upon  n e u r o p s y c h o l o g i c a l  
t e s t  r e s u l t s  t o  g u i d e  I n  t h e  f i n a l  d i a g n o s i s ,  and I t  may b e  t h a t  I n  
some c a s e s  o ne  o r  t h e  o t h e r  o f  t h e  two t e s t s  b e in g  e v a l u a t e d  I n  t h e  
p r e s e n t  s t u d y  p r o v i d e d  p a r t  o f  t h e  d i a g n o s t i c  d a t a .  A g a in ,  v a r i a n c e s  
I n  c l i n i c i a n  c o m p e te n c e  an d  t h o r o u g h n e s s  I n  p e r f o r m in g  e v a l u a t i o n s  
f o r  su c h  d i a g n o s t i c  d a t a  w e re  beyond t h e  c o n t r o l  o f  t h i s  r e s e a r c h e r .
B e c a u se  t h e  p r e s e n t  s t u d y  was d e s i g n e d  to  a p p r o x i m a t e  a 
s c r e e n i n g  p r o c e d u r e ,  w h e r e i n  s u c h  I n f o r m a t i o n  a s  p r e v i o u s  c o n t a c t  
w i t h  a n e u r o l o g i s t  o r  e v a l u a t i o n  by a n e u r o p s y c h o l o g i s t  was u n a v a i l ­
a b l e  o r  a t  b e s t  I n c o m p l e t e ,  c o n t r o l  o f  t h e s e  v a r i a b l e s  was I m p o s s i b l e .  
The r e s e a r c h e r  was t h u s  f o r c e d  to  d e l i n e a t e  a s s u m p t i o n s  r e g a r d i n g  
them .
For t h e  p u r p o s e s  o f  t h e  p r e s e n t  s t u d y ,  f o u r  a  p r i o r i  a s su m p ­
t i o n s  w ere  made:
1. D i a g n o s i s  o f  c e r e b r a l  d y s f u n c t i o n  o r  b r a i n  dam age by a 
q u a l i f i e d  n e u r o l o g i s t  I s  t a c i t  e v i d e n c e  o f  b r a i n  damage I n  t h e  s u b ­
j e c t s  so d i a g n o s e d .
2 .  D i a g n o s i s  o f  no  s i g n i f i c a n t  d i s o r d e r  o r  t r a u m a  by a
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q u a l i f i e d  n e u r o l o g i s t  i s  t a c i t  e v i d e n c e  t h a t  t h e  s u b j e c t  so d i a g n o s e d  
i s  f r e e  o f  s i g n i f i c a n t  b r a i n  dam age .
3 .  P r i o r  k n o w le d g e  o f  t h e  n a t u r e  o f  t h e  r e s e a r c h  a s  a  f u n c ­
t i o n  o f  t h e  in fo rm e d  c o n s e n t  p r o v i s i o n s  o f  t h e  s t u d y  w i l l  h a v e  no 
a p p r e c i a b l e  e f f e c t ,  p o s i t i v e  o r  n e g a t i v e ,  upon t e s t  p e r f o r m a n c e .
4 .  The s p e c i f i c  n a t u r e  o f  any  p a r t i c u l a r  n e u r o p s y c h o l o g i c a l  
t e s t s  o r  t e s t  b a t t e r i e s  u s e d  t o  a s s i s t  t h e  n e u r o l o g i s t  i n  a r r i v i n g  a t  
t h e  f i n a l  d i a g n o s i s  w i l l  h av e  no a p p r e c i a b l e  e f f e c t  u p o n  t h e  o u tc o m e s  
o f  t h e  c u r r e n t  t e s t i n g  p r o c e d u r e .
D e f i n i t i o n  o f  Terms
R e c o g n iz in g  t h a t  t h e  p r e s e n t  s tu d y  i n t r u d e s ,  t o  a  d e g r e e ,  
upon s e v e r a l  d i s c i p l i n e s  and t h a t  c o n f u s i o n  r e l a t i n g  t o  t h e  m e a n in g  
o r  u s e  o f  s h a r e d  t e r m s  o r  c o n c e p t s  t h u s  becom es l i k e l y ,  t h e  f o l l o w i n g  
o p e r a t i o n a l  d e f i n i t i o n s  a r e  o f f e r e d  f o r  c e r t a i n  o f  t h e s e  t e r m s  u s e d  
in  t h e  p r e s e n t  s t u d y .
B r a i n  Damaged -  s h a l l  r e f e r  t o  a f u n c t i o n a l  d i m i n u t i o n  o r  
l o s s  r e l a t e d  to  i n t r a c r a n i a l  l e s i o n  o r  t rau m a  r e g a r d l e s s  o f  e t i o l o g y .
C e r e b r a l  Im p a i rm e n t  -  s h a l l  b e  c o n s i d e r e d  a n  e q u i v a l e n t  o f  
b r a i n  dam age  and s h a l l  b e  so  d e f i n e d .
D em o g rap h ic  F a c t o r s  -  s h a l l  r e f e r  to  a h i s t o r y  o f  head  i n j u r y ,  
b r a i n  d i s e a s e ,  c o n g e n i t a l  a n o m a ly ,  c h r o n i c  a l c o h o l i s m ,  o r  l o n g - t e r m  
s u b s t a n c e  a b u s e  i n  t h e  a b s e n c e  o f  an  acco m p an y in g  d i a g n o s i s  o f  b r a i n  
dam age.
D i a g n o s i s  -  s h a l l  b e  u n d e r s t o o d  to  mean a n  e x h a u s t i v e  and 
t h o r o u g h  n e u r o p s y c h o l o g i c a l  e v a l u a t i o n  d e s i g n e d  t o  l o c a l i z e  and e v a l ­
u a t e  a s u s p e c t e d  l e s i o n  and t h e  a s s o c i a t e d  b e h a v i o r a l  d e f i c i t s .
S c r e e n i n g  -  s h a l l  b e  u n d e r s t o o d  to  r e f e r  e i t h e r  t o  t h e  t e s t s
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o r  t o  t h e  p r o c e s s  i n v o l v e d  i n  a s c e r t a i n i n g  w h e th e r  o r  n o t  s i g n i f i c a n t  
l e v e l s  o f  n e u r o l o g i c a l  d e f i c i t  e x i s t  i n  t h e  s u b j e c t  t o  w a r r a n t  f u r ­
t h e r  d i a g n o s t i c  r e f e r r a l .
S ta n d a r d  S c o r i n g  -  s h a l l  r e f e r  to  t h e  u s e  o f  t h e  s c o r i n g  p r o ­
c e d u r e s  f o r  a g iv e n  t e s t ,  d e v e l o p e d  by th e  t e s t  a u t h o r  o r  p u b l i s h e r ,  
o r  t o  s t a n d a r d i z e d  s c o r i n g  m e th o d s  d e v e lo p e d  f o r  a g i v e n  t e s t  by 
p e r s o n s  o t h e r  t h a n  t h e  o r i g i n a l  t e s t  a u t h o r  o r  p u b l i s h e r .
S i g n i f i c a n c e  o f  t h e  S tu d y
The l i t e r a t u r e  r e v i e w  to  b e  p r e s e n t e d  i n  c h a p t e r  I I  r e v e a l s  
t h a t  t h e  f i e l d  o f  n e u r o p s y c h o l o g i c a l  a s s e s s m e n t  i s  c h a r a c t e r i z e d  a t  
t h e  p r e s e n t  t im e  by c o n d i t i o n s  o f  f l u x .  I t  h a s  b e e n  a s s e r t e d  t h a t  
t h e  d i s c i p l i n e  i s  i n  i t s  i n f a n c y .  M o re o v e r ,  i t  h a s  b e e n  s u g g e s t e d  
t h a t ,  a l t h o u g h  o ne  c a n  l o o k  b a c k  some s e v e n t y  y e a r s  e v a l u a t i n g  t h e  
f i e l d ' s  d e v e lo p m e n t ,  p r o g r e s s  h a s  b e e n  s lo w .  C o r o l l a r y  t o  t h i s  a s s e r ­
t i o n  i s  t h e  n o t i o n  t h a t  a v a i l a b l e  m e a su re m e n t  t e c h n i q u e s  a r e  t h e r e f o r e  
somwhat c r u d e  by c o m p a r i s o n  t o  t h o s e  a v a i l a b l e  t o  t h e  more " m a t u r e "  
d i s c i p l i n e s .
W hile  v a r y i n g  d e g r e e s  o f  r e f i n e m e n t  and s o p h i s t i c a t i o n  may be 
fo u n d  i n  t h e  v a r i o u s  t e s t s  a v a i l a b l e  t o  t h e  n e u r o p s y c h o l o g i c a l  d i a g ­
n o s t i c i a n  o r  r e s e a r c h e r ,  t h e  f a c t  s t i l l  r e m a in s  t h a t  i n  n e u r o p s y c h o ­
l o g i c a l  a s s e s s m e n t ,  b e h a v i o r a l  c o r r e l a t e s  o f  n e u r a l  p r o c e s s e s  an d  n o t  
t h e  p r o c e s s e s  t h e m s e l v e s  c o n t i n u e  to  be  m e a s u r e d .  The two t e s t s  u s e d  
in  t h e  p r e s e n t  s tu d y  i n  a s e n s e  r e p r e s e n t  an  " e a r l y " ,  more i n t u i t i v e ,  
p e r h a p s  l e s s  w e l l - s t a n d a r d i z e d  i n s t r u m e n t  ( t h e  B ender  G e s t a l t  T e s t )  
w h ic h  c o n t i n u e s  to  be u s e d ,  and  a  m ore  r e c e n t l y  d e v e lo p e d  i n s t r u m e n t  
( t h e  Symbol D i g i t  M o d a l i t i e s  T e s t )  t h a t  h a s  b e e n  s p e c i f i c a l l y  d e s i g n e d
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to  d i s c r i m i n a t e  n e u r o l o g i c a l  d e f i c i t s .
Even a s  t h e  two t e s t s  t o  some e x t e n t  r e p r e s e n t  d i f f e r i n g  f o c i ,  
th e y  a r e  a l s o  among th e  m o st  w i d e l y  u s e d  t e s t s  i n  n e u r o p s y c h o l o g i c a l  
s c r e e n i n g ,  and a r e  o f t e n  i n c l u d e d  i n  d i a g n o s t i c  b a t t e r i e s .  T h e r e f o r e ,  
i n  l i g h t  o f  t h e  o f t e n  c o n f l i c t i n g  f i n d i n g s  r e p o r t e d  i n  t h e  v a r i o u s  
c o m p a r a t i v e  s t u d i e s ,  and  p a r t i c u l a r l y  t h e  f r e q u e n t  c r i t i c i s m  o f  t h e  
c o n t i n u e d  u s e  o f  t h e  B ender  G e s t a l t  T e s t  a s  a  s c r e e n i n g  o r  d i a g n o s t i c  
i n s t r u m e n t ,  t h e  f i n d i n g s  f ro m  t h e  s t u d y  p r o v i d e  a d d i t i o n a l  d a t a  
r e g a r d i n g  t h e  r e l a t i v e  e f f i c a c y  o f  b o t h  t e s t s  f o r  s u c h  a p p l i c a t i o n s .  
Beyond t h i s ,  t h e  s t u d y  f u r t h e r  i l l u m i n a t e s  i s s u e s  o f  n e u r o p s y c h o l o g ­
i c a l  a s s e s s m e n t  i n h e r e n t  i n  t h e  som ew hat d i f f e r e n t  n a t u r e s  o f  t h e  two 
t e s t s ,  and  t h u s  t h e  p o t e n t i a l l y  d i f f e r e n t  n e u r o p s y c h o l o g i c a l  p r o c e s s e s  
e v a l u a t e d .  F i n a l l y ,  t h e  s t u d y  t e n d s  t o  s u p p o r t  r a t h e r  t h a n  c a l l  i n t o  
f u r t h e r  q u e s t i o n  t h e  a s s e r t i o n  o f  S m i th  ( c i t e d  i n  W a l k e r ,  1983)  t h a t  
"The SDMT i s  p r o b a b l y  t h e  m o s t  e c o n o m ic ,  s e n s i t i v e ,  v a l i d  and  u s e f u l  
s i n g l e  t e s t  f o r  d i f f e r e n t i a l  d i a g n o s i s  and  f o r  g e n e r a l  c l i n i c a l  
a s s e s s m e n t "  ( p .  4 8 5 ) ,  and  t h e  s u p p o r t i n g  o p i n i o n  o f  B i g l e r  and  
E h r f u r t h  (1980)  t h a t  " r e g a r d l e s s  o f  how t h e  BG i s  s c o r e d  o r  a n a l y z e d ,  
a s  a  s i n g l e  m e a s u re  o r  a s  an  a d j u n c t  s c r e e n i n g  m e a s u r e  . . . i t s  c l i n ­
i c a l  u s e  a s  a n e u r o d i a g n o s t i c  t e c h n i q u e  i s  s p e c i o u s  a t  b e s t ' ( p .  5 8 ) .
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CHAPTER I I
REVIEW OF THE LITERATURE
O v erv iew
R ev iew in g  e x i s t i n g  l i t e r a t u r e  r e l a t i n g  t o  a  g i v e n  r e s e a r c h  
p ro b le m  p r e s e n t s  t h e  r e s e a r c h e r  w i t h  a  num ber o f  d i l e m m a s .  On t h e  
o n e  hand i s  t h e  o b l i g a t i o n  t o  r e v i e w  and  p r e s e n t  r e s e a r c h  w h ic h  b e a r s  
d i r e c t l y  upon  t h e  q u e s t i o n  u n d e r  c o n s i d e r a t i o n .  On t h e  o t h e r  h a n d , 
r e d u n d a n c y  o r  r e p e t i t i o n  s e r v e s  no u s e f u l  p u r p o s e .  The p r e s e n t  r e v i e w  
s h o u ld  b e  v iew ed  a s  r e p r e s e n t a t i v e  r a t h e r  t h a n  e x h a u s t i v e  i n  t h e  s e n s e  
t h a t  t h e  l i t e r a t u r e  c i t e d  p r o v i d e s  s u f f i c i e n t  b r e a d t h  t o  e s t a b l i s h  
t h e  n e c e s s a r y  h i s t o r i c a l  and  t h e o r e t i c a l  m i l i e u  f o r  t h e  s t u d y ,  and 
a l s o  a r e a s o n a b l y  c o m p r e h e n s iv e  r e v i e w  o f  c u r r e n t  r e s e a r c h  i n  n e u r o ­
p s y c h o l o g i c a l  a s s e s s m e n t .  A l th o u g h  e m p h a s is  h a s  b e e n  p l a c e d  upon  
s t u d i e s  i n v o l v i n g  o n e  o r  t h e  o t h e r  o f  t h e  t e s t s  b e i n g  e v a l u a t e d  i n  t h e  
p r e s e n t  s t u d y ,  f u r t h e r  r e s e a r c h  u t i l i z i n g  o t h e r  i n s t r u m e n t s ,  b u t  b e a r ­
i n g  g e n e r a l l y  upon i s s u e s  o f  n e u r o p s y c h o l o g i c a l  a s s e s s m e n t  o r  n e u r o -  
d i a g n o s t i c  p r o b l e m s ,  h a v e  b e e n  i n c l u d e d .
In  t h e  p r e s e n t  r e v i e w  a d i s c u s s i o n  o f  s o u r c e s  r e l a t i n g  t o  h i s ­
t o r i c a l  and  t h e o r e t i c a l  d e v e lo p m e n t  and s t u d i e s  g e n e r a l l y  r e l a t e d  to  
n e u r o p s y c h o l o g i c a l  a s s e s s m e n t  a r e  f o l lo w e d  by s e c t i o n s  p r e s e n t i n g  
s t u d i e s  r e l a t e d  to  t h e  d e v e lo p m e n t  and u s e  o f  t h e  B e n d e r  G e s t a l t  T e s t ,  
v a r i o u s  o b j e c t i v e  s c o r i n g  s y s t e m s  f o r  t h e  B ender  G e s t a l t ,  an d  f i n a l l y .
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studies dealing with the development and use of Che Symbol Digit 
Modalities Test.
H i s t o r i c a l  and  T h e o r e t i c a l  P e r s p e c t i v e s  
A l th o u g h  i t  i s  p o s s i b l e  t o  t r a c e  t h e  d e v e lo p m e n t  o f  n e u r o p s y ­
c h o l o g i c a l  a s s e s s m e n t  f ro m  a n t i q u i t y ,  to  do so i n  t h e  c o n t e x t  o f  t h e  
p r e s e n t  s t u d y  would add l i t t l e  t o  u n d e r s t a n d i n g  t h e  c u r r e n t  p r o b l e m .  
H e n c e ,  o n l y  c u r s o r y  a t t e n t i o n  i s  g i v e n  to  h i s t o r i c a l  i s s u e s — p r i o r  t o  
t h e  b e g i n n i n g  o f  t h e  n i n e t e e n t h  c e n t u r y — and t o  p h i l o s o p h i c a l  t r e n d s —  
o n l y  t o  t h e  e x t e n t  o f  e s t a b l i s h i n g  t h e  p r im a r y  s c h o o l s  o f  n e u r o l o g i c a l  
o r  n e u r o p s y c h o l o g i c a l  t h o u g h t  i n  t h e  t w e n t i e t h  c e n t u r y .  W e r th e im e r  
(1 9 7 9 )  s p e a k s  to  t h i s  i s s u e  i n  su m m a r iz in g  t h e  h i s t o r i c a l  r o o t s  o f  
e x p e r i m e n t a l  p s y c h o l o g y ,  and  t h u s  i n d i r e c t l y  o f  n e u r o p s y c h o l o g y  a s  
w e l l ,  when he s a y s :
. . . a l t h o u g h  t h e  o r i g i n s  o f  many o f  t h e  t r e n d s  c u l m i n a t i n g  i n  
t h e  e x p e r i m e n t a l  p s y c h o l o g y  o f  1860 and b e y o n d ,  c a n  be  s e e n  i n  
G r e e k  and p r e - r e n a i s s a n c e  t h o u g h t ,  i t  i s  p r i m a r i l y  t h e  h i s t o r y  
o f  i d e a s  s i n c e  t h e  r e n a i s s a n c e  w h ic h  c a s t s  l i g h t  u p o n  t h e  a c a ­
d e m ic  o r t g e i s t  and Z e i t g e i s t  o f  m i d - n i n e t e e n t h  c e n t u r y  E u r o p e ,  
w h e re  e x p e r i m e n t a l  p s y c h o l o g y  w as  b o r n .  ( p .  49)
In this regard, one can consider five lines of development in 
scientific thought that bear directly upon the problem at hand. From 
physiology came the demonstration of anatomic differences between sen­
sory and motor neurons, the study of the electrical nature of nerve 
impulses, development of the neuron theory, and the growing contro­
versy between globalist and localizationist explanations for observed 
neurological phenomena. From biology and natural history came 
Darwin's concepts of natural selection which led directly to the 
theory of evolution, and revolutionized scientific thought. From phys­
ics came the atomic theory of matter, and from mathematics came more
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s o p h i s t i c a t e d  q u a n t i f i c a t i o n  b a se d  on k n o w led g e  p r o d u c e d  i n  t h e  d e v e l ­
o p in g  f i e l d  o f  s t a t i s t i c s .  F i n a l l y ,  t h e r e  was i n  E u ro p e  a t  t h a t  t i m e ,  
a s t r o n g  t e n d e n c y  to w ard  a c a d e m ic  d o m in a n c e  i n  m o s t  s c i e n t i f i c  i n v e s t ­
i g a t i o n .  T h a t  i s ,  m ost o f  t h e  r e s e a r c h  o f  t h e  t im e  t e n d e d  to  be d o n e  
i n  a c a d e m ic  s e t t i n g s  o r  u n d e r  t h e  a u s p i c e s  o f  u n i v e r s i t i e s ,  a n  o b s e r ­
v a t i o n  to  w h ic h  e s t a b l i s h m e n t  o f  a  l a b o r a t o r y  by W ilh e lm  Wundt a t  t h e  
U n i v e r s i t y  o f  L e i p z i g  i n  1879 b e a r s  w i t n e s s .
The i n f l u e n c e  o f  a l l  t h e s e  v a r i o u s  f a c t o r s  may b e  t r a c e d  i n  
t h e  f i e l d s  o f  n e u r o lo g y  and  n e u r o p s y c h o l o g y .  A d o m in a n t  c o n t r o v e r s y  
h a s  b een  b e tw e e n  g l o b a l i s t  a n d  l o c a l i z a t i o n i s t  v ie w s  o f  n e u r o l o g i c a l  
p h enom ena .  In  g e n e r a l  t e r m s ,  t h e  l o c a l i z a t i o n i s t  p o s i t i o n  i s  t h a t  
any  b e h a v i o r a l  m a n i f e s t a t i o n  t h a t  may be o b s e r v e d  i n v o l v e s  a  more o r  
l e s s  s p e c i f i c  n e u r a l  l o c u s ,  w h e r e a s  t h e  g l o b a l i s t  p o s i t i o n  i n t e r p r e t s  
t h e s e  same phenom ena from  a n  a l l - e n c o m p a s s i n g ,  e s s e n t i a l l y  u n i t a r y  
c o n c e p t u a l i z a t i o n  o f  t h e  n e r v o u s  s y s t e m .  W h i le  t h e  m o d e rn  o b s e r v e r  
w i t h  t h e  b e n e f i t  o f  h i s t o r y  and o f  t h e  p o s t - r e n a i s s a n c e  s c i e n t i f i c  
r e v o l u t i o n  t o  a i d  h i s  p e r c e p t i o n ,  may c o n c lu d e  t h a t  e a c h  p o s i t i o n  
c o n t r i b u t e s  some s i g n i f i c a n t  c o n c e p t s  to  c u r r e n t  u n d e r s t a n d i n g s  o f  
n e r v o u s  s y s t e m  f u n c t i o n ,  s u c h  e c l e c t i c i s m  h a s  n o t  a lw a y s  p r e v a i l e d .  
I n d e e d ,  t h e  h i s t o r i c a l  d e v e lo p m e n t  o f  n e u r o p s y c h o lo g y  h a s  w i t n e s s e d  
a n  ebb and f l o w  i n  t h e  i n f l u e n c e  o f  e a c h  p o s i t i o n .
R e i s e  (1959)  s p e a k s  o f  "R u fu s  o f  E p h e su s  . . . t h e  f i r s t  med­
i c a l  w r i t e r  t h a t  a d o p te d  a  g l o b a l  v ie w  o f  t h e  n e r v o u s  s y s t e m "  (p .  2 7 ) .  
T h i s  v ie w  o f  t h e  n e r v o u s  s y s t e m  a p p e a r s  t o  h a v e  d o m in a te d  n e u r o l o g i c a l  
t h o u g h t  m ore  o r  l e s s  c o n s i s t e n t l y  u n t i l  t h e  m id d le  o f  t h e  n i n e t e e n t h  
c e n t u r y ,  when t h e  m o u n t in g  body  o f  e x p e r i m e n t a l  r e s e a r c h  b e g a n  to  
m ore  c l e a r l y  s u p p o r t  t h e  c o n c e p t  o f  l o c a l i z a t i o n  o f  f u n c t i o n .  In  a
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b r i e f  r e v i e w  o f  t h e  h i s t o r y  o f  n e u r o p s y c h o l o g y ,  H ecaen  and A l b e r t
(1 9 7 8 )  a s s e r t  t h a t :
T he l o c a l i z a t i o n i s t s  c a n  d a t e  t h e  b e g i n n i n g  o f  t h e i r  m ovem ent 
a s  A p r i l  18, 1861 , when B ro c a  d e s c r i b e d  a  p a t i e n t  who h ad  l o s t  
t h e  f a c u l t y  o f  a r t i c u l a t e d  l a n g u a g e  and who had a l e f t  h e m i s p h e r e  
l e s i o n .  B roca  c o n c lu d e d  t h a t  t h e  p o s t e r i o r - i n f e r i o r  p o r t i o n  o f  
t h e  f r o n t a l  l o b e  c o n t r o l l e d  t h i s  b e h a v i o r a l  f a c u l t y ,  ( p .  14)
F r a n z  G a l l ' s  d o c t r i n e  o f  o r g a n o l o g y ,  l a t e r  r e f i n e d  an d  
r e c h r i s t e n e d  " p h r e n o l o g y "  by h i s  p u p i l  S p u r z h e im ,  may be  v ie w e d  a s  a  
p r e c u r s o r  o f  t h e  l o c a l i z a t i o n i s t  a p p r o a c h  a l t h o u g h  h i s  w ork  l a t e r  came 
t o  b e  r e g a r d e d  a s  p s e u d o s c i e n t i f i c .  H ow ever,  i t  i s  i n  t h e  w o rk  o f  
B r o c a ,  n o t e d  a b o v e ,  and t h e  l a t e r  w ork  o f  W e r n ic k e  ( c i t e d  i n  H e c a e n  
& A l b e r t ,  1978 ,  p .  14) t h a t  l o c a l i z a t i o n i s t  t h e o r y  found  e a r l y  and 
p e r h a p s  i t s  s t r o n g e s t  s u p p o r t .
Y e t ,  ev en  a s  t h e  l o c a l i z a t i o n i s t  movem ent was g a i n i n g  s t r e n g t h  
a n d  b e g i n n i n g  to  d o m in a te  n e u r o p s y c h o l o g i c a l  t h o u g h t  d u r i n g  t h e  l a t t e r  
p a r t  o f  t h e  n i n e t e e n t h  c e n t u r y ,  o t h e r  i n v e s t i g a t o r s  w e re  r e p o r t i n g  
f i n d i n g s  w h ic h  c h a l l e n g e d  t h e  d o m in a n t  v i e w p o i n t ,  and w h ic h  s e t  i n t o  
m o t i o n  i n t e l l e c t u a l  and t h e o r e t i c a l  f o r c e s  t h a t  w ould  e v e n t u a l l y  f o r c e  
a  r e t u r n  t o  more g l o b a l i s t i c  v i e w s  o f  n e u r a l  f u n c t i o n .  W e r th e im e r
(1 9 7 9 )  n o t e s  t h e  work o f  P i e r r e  F l o u r e n s  who a b o u t  1820 moved away 
f ro m  t h e  e x t r e m e  l o c a l i z a t i o n i s t  v i e w s  e x e m p l i f i e d  by t h e  p h r e n o l ­
o g i s t s .  F l o u r e n s  " .  . . u s e d  t h e  m ethod  o f  e x t i r p a t i o n  ( s u r g i c a l  
r e m o v a l ) , s t u d y i n g  t h e  r e l a t i o n  o f  l o s s  o f  b r a i n  t i s s u e  to  c h a n g e s  i n  
b e h a v i o r ,  a n d  c o n c lu d e d  t h a t  t h e  b r a i n  a c t s  e s s e n t i a l l y  a s  a  w h o l e ,  
a l t h o u g h  c e r t a i n  l o b e s  do h a v e  f a i r l y  s p e c i f i c  f u n c t i o n s "  ( p .  2 7 ) .
The l o c a l i z a t i o n i s t  p o s i t i o n  c o n t i n u e d  t o  d o m in a te  n e u r o p s y ­
c h o l o g y ,  b u t  a g ro w in g  u n d e r c u r r e n t  o f  g l o b a l i s t  r e s e a r c h  c h a r a c t e r ­
i z e d  t h e  f i e l d  u n t i l  a f t e r  W orld  War I had e n d e d .  P e r h a p s  a s  a
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f u n c t i o n  o f  t h e  s i m p l e  a c c u m u l a t i o n  o f  o n - g o i n g  r e s e a r c h  b eg u n  p r i o r  
to  t h e  w a r ,  b u t  more l i k e l y  i n f l u e n c e d  by o b s e r v a t i o n s  o f  b r a i n  dam age 
among r e t u r n i n g  s e r v i c e m e n ,  an  a b a n d o n m e n t  o f  e x t r e m e  l o c a l i z a t i o n i s t  
p o s i t i o n s  came a b o u t .  The t r e n d  to w a r d  a m ore  h o l i s t i c  v i e w  o f  n e r ­
v o u s  s y s te m  f u n c t i o n  begun  by F l o u r e n s  t h u s  r e s u l t e d ,  a  c e n t u r y  l a t e r ,  
i n  a  r e a s s e r t i o n  o f  g l o b a l i s t  t h e o r y .  Many f a c t o r s  d o u b t l e s s  c o n t r i b ­
u t e d  to  t h i s  c h a n g e ,  b u t  H e i lm an  and  V a l e n s t e i n  (1979)  s i n g l e  o u t  t h e  
d i s c r e d i t i n g  o f  p h r e n o lo g y  a s  a  c o r e  f a c t o r ,  s u g g e s t i n g  t h a t  by i t  
"  . . . o t h e r  l o c a l i z a t i o n i s t  t h e o r i e s  becam e s u s p e c t "  ( p .  2 7 ) .
The m ore  h o l i s t i c  t r e n d  i n  n e u r o p s y c h o l o g i c a l  r e s e a r c h  b eg u n  
by F l o u r e n s  and  c o n t i n u e d  a f t e r  W orld  War I ,  i s  p e r h a p s  n o w h e re  b e t t e r  
e x e m p l i f i e d  t h a n  i n  t h e  w ork  o f  K a r l  L a s h l e y ,  who i n  1938 p r o p o s e d  h i s  
t h e o r y  o f  m a ss  a c t i o n .  T h i s  f o r m u l a t i o n  s t a t e s  t h a t  "T h e  b e h a v i o r a l  
r e s u l t  o f  a l e s i o n  d e p e n d s  on t h e  a m o u n t  o f  b r a i n  re m o v ed  m ore  t h a n  
on  t h e  l o c a t i o n  o f  t h e  l e s i o n "  ( c i t e d  i n  H e i lm a n  & V a l e n s t e i n ,  197 9 ,  
p .  7 ) .  I n  t h e i r  own d i s c u s s i o n  o f  t h e  e f f e c t  o f  b r a i n  l e s i o n s  upon  
l a n g u a g e ,  H ecaen  and A l b e r t  (1 9 7 8 ,  p .  35) echo  t h i s  p o s i t i o n .
D u r in g  t h e  y e a r s  s i n c e  t h e  end o f  W orld War I ,  t h e  two p r i n c i ­
p a l  s c h o o l s  o f  n e u r o p s y c h o l o g y  h a v e  c o n t i n u e d  t o  d e v e l o p .  In  a d d i t i o n  
to  L a s h l e y ' s  w ork  n o t e d  a b o v e ,  t h e  e m e r g in g  s c h o o l  o f  G e s t a l t  p s y c h o l ­
ogy  seem s t o  h a v e  had a  p ro n o u n c e d  e f f e c t  upon m i d - t w e n t i e t h  c e n t u r y  
n e u r o p s y c h o l o g i c a l  t h e o r y .  C e r t a i n l y ,  t h e  m a s s - a c t i o n  t h e o r y  and  t h e  
n o t i o n  o f  t o t a l  o r g a n i z a t i o n  d e r i v e d  f ro m  G e s t a l t  t h e o r y  had  t h e  
e f f e c t  o f  f u r t h e r  d i l u t i n g  t h e  p o t e n c y  o f  t h e  l o c a l i z a t i o n i s t  p o s i t i o n .  
H ow ever, i n  t h e  p e r i o d  b e tw e e n  t h e  two w o r ld  w a r s  " . . .  t h e  two m a in  
s c h o o l s  o f  t h o u g h t  . . . came to  l o s e  a l l  h e u r i s t i c  v a l u e  by t h e i r
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d e t a c h m e n t  f ro m  c o n c r e t e  f a c t s  and  t h e i r  r e l i a n c e  on  a  p r i o r i  c o n c e p ­
t u a l  n o t i o n s "  (H ecaen  & A l b e r t ,  1978 , p .  5 ) .
The t h e o r e t i c a l  w a r f a r e  c h a r a c t e r i s t i c  o f  t h e  f i e l d  d u r i n g  
t h e  l a t t e r  p a r t  o f  t h e  n i n e t e e n t h  c e n t u r y  and c o n t i n u i n g  u n t i l  t h e  
b e g i n n i n g  o f  W orld War I I ,  a p p e a r s  t o  h av e  s p e n t  i t s e l f ,  and a m o re  
m o d e r a t e  h o l i s t i c  p o s i t i o n  w h ic h  a p p e a r s  t o  i n c o r p o r a t e  c e r t a i n  
a s p e c t s  o f  b o t h  t h e o r e t i c a l  p o s i t i o n s  h a s  t a k e n  i t s  p l a c e .  C o n t i n u i n g  
r e s e a r c h  h a s  c o n f i r m e d  many o f  t h e  e a r l i e r  l o c a l i z a t i o n i s t  p o s i t i o n s ,  
w h i l e  L a s h l e y ' s  m a s s - a c t i o n  t h e o r y  h a s  b e e n  somewhat m o d i f i e d ,  t o  
a c c o u n t  f o r  t h e  b e h a v i o r a l  e f f e c t s  a s s o c i a t e d  w i t h  l e s i o n s  i n  s p e c i f i c  
c o r t i c a l  r e g i o n s .
The e x i s t e n c e  o f  a  new m i d d l e - o f - t h e - r o a d  f o c u s  f o r  n e u r o p s y ­
c h o lo g y  may p o s e  some t h e o r e t i c a l  o r  l o g i c a l  c o n f l i c t s ;  b u t ,  on  a  
p r a c t i c a l  l e v e l ,  t h e s e  c o n f l i c t s ,  w h e re  t h e y  h a v e  e x i s t e d ,  do n o t  seem 
to  h av e  s i g n i f i c a n t l y  ham pered  c o n t i n u i n g  e c l e c t i c  a p p r o a c h e s .  I n d e e d ,  
i n  t h e i r  summary s t a t e m e n t  r e g a r d i n g  t h e  g l o b a l i s t - l o c a l i z a t i o n i s t  
c o n t r o v e r s y ,  H e i lm an  and  V a l e n s t e i n  (1979)  comment:
A lm o s t  e v e r y  s e r i o u s  s t u d e n t  o f  a p h a s i a  made o b s e r v a t i o n s  s u p ­
p o r t i v e  o f  b o t h  v i e w p o i n t s :  o n l y  i n  t h e  o v e r v i e w  w as t h e r e  a c l a s h .  
I n d e e d ,  a n y  number o f  i n f l u e n t i a l  w o r k e r s  a r e  l i n k e d  t h e o r e t i c a l l y  
w i t h  o n e  a p p r o a c h  b u t  p r o d u c e d  m e a n i n g f u l  work i n  t h e  o t h e r .  . . . 
T h u s ,  w h i l e  i t  i s  a c c u r a t e  t o  d i v i d e  p r e v a i l i n g  p h i l o s o p h i e s  . . . 
a l m o s t  a l l  i n v e s t i g a t o r s  u t i l i z e  b o t h  a p p r o a c h e s  t o  a  g r e a t e r  o r  
l e s s e r  e x t e n t ,  ( p .  25)
E s t a b l i s h m e n t  o f  t h e  " G e s t a l t  M ovement" j u s t  p r i o r  t o  W orld  
War I ,  p r o v i d e d  y e t  a n o t h e r  d im e n s io n  to  n e u r o p s y c h o l o g i c a l  t h e o r y  
a n d ,  by e x t e n s i o n ,  to  n e u r o p s y c h o l o g i c a l  a s s e s s m e n t .  I n  a d d i t i o n  t o  
t h e  move aw ay f ro m  a  s t r i c t  l o c a l i z a t i o n i s t  p o s i t i o n  to w a rd  t h e  m o re  
h o l i s t i c  p o s i t i o n  n o te d  e a r l i e r ,  i n c o r p o r a t i o n  o f  G c c t a l t  t h e o r i e s  and  
c o n c e p t s  i n t o  n e u r o p s y c h o l o g i c a l  t h e o r y  f o r c e d  a d d i t i o n  o f  a n o t h e r
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d i m e n s i o n ,  n a m e ly ,  p e r c e p t i o n ,  to  be  c o n s i d e r e d  a s  p a r t  o f  t h e  t o t a l  
p i c t u r e  o f  n e u r o l o g i c a l  f u n c t i o n  and d y s f u n c t i o n .
P e r u s a l  o f  c u r r e n t  n e u r o p s y c h o l o g i c a l  l i t e r a t u r e  l e a d s  t o  t h e  
c o n c l u s i o n  t h a t  t h e  p r im a r y  f o c u s  o f  n e u r o p s y c h o l o g i c a l  r e s e a r c h  h a s  
b e e n  away f ro m  c o n s i d e r a t i o n  o f  p e r c e p t u a l  f a c t o r s  a s  u s e f u l  i n d i c a ­
t o r s  o f  n e u r o l o g i c a l  f u n c t i o n ,  i f  in d e e d  i t  h a s  n o t  a c t i v e l y  m in im iz e d  
t h e i r  i m p o r t a n c e .  T h i s  a p p e a r s  t o  b e  t h e  p o s i t i o n  t a k e n  by S m i th  
(19 8 2 )  and by B i g l e r  and E h r f u r t h  (1 9 8 0 ,  1 9 8 1 ) .  C e r t a i n l y ,  m o s t  t e s t -  
d e v e lo p m e n t  e f f o r t  h a s  b e e n  f o c u s e d  upon  o t h e r ,  m ore  r e a d i l y  q u a n t i ­
f i e d  c o r r e l a t e s  o f  c e r e b r a l  d y s f u n c t i o n .  N o n e t h e l e s s ,  some i n v e s t i ­
g a t o r s  h a v e  c o n t i n u e d  to  s e e  u t i l i t y  f o r  s u c h  t e s t s  a s  t h e  B en d e r  
G e s t a l t  and  h a v e  c o n t i n u e d  to  p u b l i s h  r e s e a r c h  s u p p o r t i n g  t h e  u t i l i t y  
o f  t h a t  t e s t  a s  a  p s y c h o d i a g n o s t i c  i n s t r u m e n t  ( B r i l l i a n t  & G y n t h e r ,  
1963; E vans  & M a rm o rs to n ,  1963; H a in ,  1964; K eogh & S m i th ,  1961;
Kramer & F e n w ic k ,  1966; L a c k s ,  1979 ; L a n d i s ,  B a x t e r ,  P a t t e r s o n  & 
T a u b e r ,  1974; M osher & S m i th ,  1965; S c h u l b e r g  & T o l o r ,  1961; S n o r tu m ,  
1 9 6 5 ) .
W h ile  t h e  r e s e a r c h  j u s t  c i t e d  l e n d s  c r e d e n c e  to  t h e  i d e a  t h a t  
p e r c e p t u a l  d e f i c i t s  may be a s  l e g i t i m a t e l y  c o r r e l a t e d  w i t h  n e u r a l  
e v e n t s  a s  o t h e r  a c t i v i t i e s  su ch  a s  r e p e a t i n g  d i g i t s  fo rw a rd  and  b a c k ­
w a rd ,  o r  s y m b o l - d i g i t  s u b s t i t u t i o n  t a s k s ,  t h e  f a c t  r e m a in s  t h a t  t h e  
l a t t e r  a r e  more e a s i l y  o b j e c t i f i e d  and  t h u s  m o re  r e a d i l y  q u a n t i f i e d .  
T h i s  f a c t  a l o n e  c a n  a c c o u n t  f o r  some o f  t h e  n o t e d  t e n d e n c y  away f ro m  
t h e  f o r m e r  i n  t e s t  d e v e lo p m e n t .  I n d e e d ,  i t  may h av e  b e e n  t h i s  d i f f i ­
c u l t y  w i t h  q u a n t i f i c a t i o n  and r e s u l t i n g  p r o b le m s  w i t h  p r e c i s i o n  t h a t  
c o n t r i b u t e d  to  t h e  o b s e r v a t i o n  t h a t  t h e  i n t r o d u c t i o n  o f  G e s t a l t  t h e o r y  
i n t o  n e u r o p s y c h o l o g y  was "a  n e c e s s a r y  m ovement t h a t  was n o n e t h e l e s s
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r e t r o g r a d e  and d a n g e r o u s '  (H ecaen  & A l b e r t ,  1 9 7 8 ,  p .  4 ) .
That i n t r o d u c t i o n  o f  t h e  G e s t a l t  c o n c e p t  o f  t h e  w h o le  a s  
g r e a t e r  th an  t h e  sum o f  i t s  p a r t s  i s  v iew ed  a s  " r e t r o g r a d e  and  d a n g e r ­
o u s "  c a n  b e s t  be  u n d e r s t o o d  t h r o u g h  e x a m i n a t i o n  o f  t h e  c o n t e x t  o f  t h e  
a s s e r t i o n .  The a u t h o r s ,  a s  p h y s i c i a n s ,  h a v e  s t r o n g  t i e s  to  t h e  p h y s ­
i c a l  s c i e n c e s ,  and a  h e r i t a g e  o f  e m p i r i c a l  r e s e a r c h .  The b i o l o g i c a l  
s c i e n c e s  have l o n g  r e c o g n i z e d  a  b i o l o g i c a l  e q u i v a l e n t  t o  t h e  p r i n c i p l e  
i n  t h e  c o n c e p t  o f  " e m e r g e n t s " ,  q u a l i t i e s  o f  t h e  o r g a n i s m ,  w h ic h  c a n  
b e  o b s e r v e d  in  some f o r m  a t  a l l  l e v e l s  o f  d e v e l o p m e n t  f ro m  s i n g l e  
c e l l s  t o  complex s y s t e m s .  T h e se  em erg en t  q u a l i t i e s  o f  o r g a n i s m s  a r e  
d e s c r i b e d  from t h e  p e r s p e c t i v e  o f  sy s te m s  a n a l y s i s  by M i l l e r  ( 1 9 7 8 ) ,
who s a y s  "a m e a s u re  o f  t h e  sum o f  a s y s t e m ' s  u n i t s  i s  l a r g e r  t h a n  t h e
sum o f  t h a t  m e a s u re  o f  i t s  u n i t s  . . . t h e  m o re  c o m p le x  s y s t e m s  a t  
h i g h e r  l e v e l s  m a n i f e s t  c h a r a c t e r i s t i c s ,  m ore  t h a n  t h e  sum o f  t h e  
c h a r a c t e r i s t i c s  o f  t h e  u n i t s ,  n o t  o b s e rv e d  a t  l o w e r  l e v e l s "  ( p .  2 8 ) .
W hile  r e c o g n i z i n g  " . . .  th e  f u n d a m e n t a l  s i m i l a r i t y  o f  t h e  
l i v i n g  sy s tem s  s t u d i e d  by  b i o l o g i s t s  and t h o s e  s t u d i e d  by s o c i a l  s c i ­
e n t i s t s , "  M i l l e r  g o e s  o n  to  s a y ,  " I  o p p o se  a n y  c o n c e p t u a l i z a t i o n  o f  
e m e r g e n t s  t h a t  i n v o l v e s  i n s c r u t a b l e  c h a r a c t e r i s t i c s  o f  t h e  w h o l e ,  
g r e a t e r  th a n  t h e  sum o f  t h e  p a r t s ,  w hich  a r e  n o t  s u s c e p t i b l e  t o  t h e
o r d i n a r y  m ethods  o f  s c i e n t i f i c  a n a l y s i s "  ( p .  2 8 ) .
Thus,  H ecaen  a n d  A l b e r t ' s  (1978 , p .  4) a s s e r t i o n  m u s t  b e  
v iew ed  from t h e i r  p e r s p e c t i v e ,  and t h a t  o f  many o t h e r  n a t u r a l  s c i e n ­
t i s t s  a s  w e l l ,  t h a t  G e s t a l t  p s y c h o l o g i c a l  t h e o r y  w a s  e s s e n t i a l l y  n o n -  
s c i e n t i f i c .  As a  m a t t e r  o f  f a c t ,  a f t e r  a s s e r t i n g  t h a t  G e s t a l t  p s y c h o ­
l o g i c a l  th e o ry  s u b s t i t u t e d  " p s y c h o l o g i c a l  c o n c e p t s  f o r  e x p l a n a t i o n s , "  
i t  i s  i n t e r e s t i n g  t h a t  t h e y  go on to  a c k n o w le d g e  t h a t  t h e  i n t r o d u c t i o n
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o f  G e s t a l t  t h e o r y  d i d  p r o d u c e  "new m e th o d s  o f  o b s e r v a t i o n  and  demanded 
c o n s i d e r a t i o n  o f  t o t a l  b e h a v i o r ,  n o t  s im p ly  an  i s o l a t e d  p e r f o r m a n c e  
in  a s i n g l e  d o m a in "  (p .  4 ) .
B o th  t h e  B ender  G e s t a l t  and  t h e  Symbol D i g i t  M o d a l i t i e s  t e s t s  
s h o u ld  b e  c o n s i d e r e d  p r o d u c t s  o f  g l o b a l i s t i c  t h i n k i n g .  H o w ev e r ,  i n  
t h e  c a s e  o f  t h e  SDMT, o n e  d e a l s  w i t h  an  i n s t r u m e n t  w h i c h  m o re  f r a n k l y  
i n c o r p o r a t e s  f e a t u r e s  o f  b o t h  t h e  g l o b a l i s t  and l o c a l i z a t i o n i s t  p o s i ­
t i o n s .  I n  one  s e n s e ,  t h e  two t e s t s  r e p r e s e n t  d i f f e r e n t  w a y s  o f  
a s s e s s i n g  n e u r o l o g i c a l  d y s f u n c t i o n .  Y e t ,  a l t h o u g h  m a n i f e s t l y  d i f ­
f e r e n t  i n  c e r t a i n  r e s p e c t s ,  t h e  two i n s t r u m e n t s  seem  t o  t a p  e n o u g h  
common f u n c t i o n a l  s k i l l s  t o  s u g g e s t  t h a t  b o th  may h a v e  u t i l i t y  a s  
n e u r o d i a g n o s t i c  s c r e e n i n g  d e v i c e s .
R e s e a r c h  i n  N e u r o p s y c h o l o g i c a l  
A s s e s s m e n t
As n o te d  e a r l i e r ,  n e u r o p s y c h o l o g i c a l  a s s e s s m e n t  d e v e l o p e d  i n  
r e s p o n s e  to  t h e  n e e d s  o f  v a r i o u s  b e h a v i o r a l  and m e d i c a l  d i s c i p l i n e s  
f o r  s t a n d a r d i z e d  d a t a  r e l a t i n g  to  b r a i n - b e h a v i o r  i n t e r a c t i o n s  p o s i t e d  
from  t h e  a c c u m u l a t i n g  f i n d i n g s  o f  n e u r o l o g i c a l  and p s y c h o l o g i c a l  e x p e r ­
i m e n t a t i o n .  E a r l y  work r e p o r t e d  by F l o u r e n s  ( c i t e d  i n  R i e s e ,  1959; 
W e r th e im e r ,  1 9 7 9 ) ,  B roca  a n d  W e rn ic k e  ( c i t e d  i n  H ecaen  & A l b e r t ,  1979) 
and L a s h l e y  ( c i t e d  i n  H e c a e n  & A l b e r t ,  1 9 7 9 ) ,  h a s  l a i d  t h e  g ro u n d w o rk  
f o r  t h e  m a jo r  t h e o r e t i c a l  s y s t e m s  fo u n d  i n  m odern  s c i e n t i f i c  n e u r o ­
p s y c h o l o g y .
More r e c e n t  r e s e a r c h  h a s  f o l l o w e d  th e  l e a d  o f  t h e s e  p i o n e e r s  
i n  g e n e r a l l y  e m p h a s iz in g  d e f i c i t s  i n  la n g u a g e  and  l a n g u a g e —r e l a t e d  
s y m b o l i c  s k i l l s  i n  m ost  i n v e s t i g a t i o n s .  In  o n e  s t u d y  o f  t h e  e f f e c t  
upon b o t h  l a n g u a g e  and c o g n i t i v e  f u n c t i o n s ,  on n o n - d o m i n a n t
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h e m is p h e r e c to m y  ( s u r g i c a l  r e m o v a l  o f  c o r t i c a l  t i s s u e )  f o r  t u m o r .
S m ith  (1 9 6 9 )  r e p o r t e d  t h a t  " . . .  a l l  t h r e e  h e m is p h e re c to m y  p a t i e n t s  
w i t h  no s i g n s  o f  tum or r e c u r r e n c e  o n e  o r  more y e a r s  p o s t - o p e r a t i v e l y , 
showed c o n s i s t e n t ,  s p e c i f i c  n o n - l a n g u a g e  d e f e c t s "  ( p .  4 4 ) .  A l a t e r  
s t u d y ,  t a k i n g  a som ewhat d i f f e r e n t  a p p r o a c h  to  a s s e s s i n g  t h e  n e u r o ­
p s y c h o l o g i c a l  e f f e c t s  o f  c e r e b r a l  d a m a g e ,  r e p o r t e d  t h a t  a  s a m p le  o f  
e i g h t y - s e v e n  i n c a r c e r a t e d  m a l e ,  l o n g - t e r m  d ru g  a b u s e r s ,  show ed no s i g ­
n i f i c a n t  d e f i c i t  i n  e i t h e r  i n t e l l e c t u a l  f u n c t i o n i n g  a s  m e a s u r e d  w i t h  
t h e  WAIS o r  i n  n e u r o p s y c h o l o g i c a l  f u n c t i o n  a s  m e a su re d  w i t h  a  n e u r o ­
p s y c h o l o g i c a l  t e s t  b a t t e r y  made up o f  s e l e c t e d  t e s t s  f rom  t h e  H a l s t e a d -  
R e i t a n  B a t t e r y  (B ruhn  & M aage, 1 9 7 5 ) .
Much n e u r o p s y c h o l o g i c a l  r e s e a r c h  h as  s o u g h t  t o  f i n d  o r  d e v e l o p  
a s i n g l e  " b e s t "  t e s t  o r  b a t t e r y  f o r  d i f f e r e n t i a l  d i a g n o s i s  o f  n e u r o l o g ­
i c a l  d e f e c t s .  T h i s  e m p h a s is  h a s  r e s u l t e d  i n  a  l a r g e  number o f  s t u d i e s  
w h ic h  c o m p a re  t h e  p e r f o r m a n c e  o f  v a r i o u s  a v a i l a b l e  t e s t s  i n  t h e  d i f ­
f e r e n t i a l  d i a g n o s i s  o f  v a r i o u s  c o m b i n a t i o n s  o f  n e u r o l o g i c a l  and  p s y ­
c h i a t r i c  d i s o r d e r s ,  and i n  d i f f e r e n t  p a t i e n t  p o p u l a t i o n s ,  a s  w e l l  a s  
d e t a i l i n g  t h e  d e v e lo p m e n t  o f  new t e s t s .  Among t h e  more p r o l i f i c  
i n v e s t i g a t o r s  d u r i n g  r e c e n t  y e a r s  i n  t h e  a r e a  o f  p s y c h o m e t r i c  a s s e s s ­
m en t  o f  b r a i n  dam age , C h a r l e s  W a tso n  and v a r i o u s  a s s o c i a t e s  a t  t h e  
V e t e r a n s  H o s p i t a l ,  S t .  C lo u d ,  M i n n e s o t a ,  and e l s e w h e r e ,  h a v e  r e p o r t e d  
s e v e r a l  s t u d i e s  d e t a i l i n g  a t t e m p t s  t o  s e l e c t  i n d i v i d u a l  t e s t s  o r  b a t ­
t e r i e s  t h a t  w ould  p r o v e  e f f e c t i v e  i n  d i s c r i m i n a t i n g  b e tw e e n  p s y c h o t i c  
and o r g a n i c a l l y  im p a i r e d  p a t i e n t s  (W a tso n ,  1973; W a tso n ,  P lem m el & 
J a c o b s ,  1970 ; W a tso n ,  Thomas, A n d e r s o n  & F e l l i n g ,  1 9 6 8 ) .  T h e s e  
i n v e s t i g a t i o n s  s t u d i e d  t h e  u s e f u l n e s s  o f  p e r s o n a l i t y  m e a s u r e s  s u c h  a s  
t h e  M in n e s o ta  M u l t i p h a s i c  P e r s o n a l i t y  I n v e n t o r y  (MMPI) and v a r i o u s
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i n t e l l i g e n c e  and n e u r o p s y c h o l o g i c a l  t e s t s  a s  d i s c r i m i n a t o r s  b e tw e e n  
p s y c h o s i s  and o r g a n i c i t y .  The r e p o r t e d  r e s u l t s  a r e  e q u i v o c a l .
Along s i m i l a r  l i n e s ,  S p e l l a c y  (1 9 7 8 )  r e p o r t e d  u s i n g  a " t h i r t y -  
o n e  v a r i a b l e  n e u r o p s y c h o l o g i c a l  t e s t  b a t t e r y  i n  c o n j u n c t i o n  w i t h  t h e  
MMPI, t o  d i s c r i m i n a t e  v i o l e n t  f ro m  n o n - v i o l e n t  i n c a r c e r a t e d  m a l e s . "
He c o n c lu d e d  t h a t  w h i l e  i t  was p o s s i b l e  t o  d i s c r i m i n a t e  b e tw e e n  t h e  
two g r o u p s  w i t h  a  h i g h  d e g r e e  o f  a c c u r a c y  u s i n g  b o t h  b e h a v i o r a l  t e s t s  
and t h e  MMPI, " t h e  b e h a v i o r a l  t e s t s  c o m p r i s e d  i n  t h e  n e u r o p s y c h o l o g i ­
c a l  b a t t e r y ,  t a k e n  a s  a g r o u p ,  g i v e  b e t t e r  d i s c r i m i n a t i o n  t h a n  d o e s  
t h e  MMPI" (p p .  5 1 - 5 2 ) .
U sing  t h e  W e c h s le r  A d u l t  I n t e l l i g e n c e  S c a l e  (WAIS) and  o t h e r  
a b i l i t y  m e a s u r e s ,  a l o n g  w i t h  t h e  MMPI to  d i s c r i m i n a t e  o r g a n i c  f ro m  
d e p r e s s e d  p a t i e n t s ,  W a tso n ,  D a v i s ,  a n d  C a s s e r  (1978)  r e p o r t e d  some­
w h a t  c o n t r a r y  r e s u l t s .  They i n d i c a t e d  t h a t  " t h e  c a p a b i l i t i e s  o f  
a b i l i t y - o r i e n t e d  b r a i n  damage t e s t s  t o  s e p a r a t e  p s y c h i a t r i c  h o s p i t a l  
o r g a n i c s  f rom  d e p r e s s i v e s  a r e  l i m i t e d "  ( p .  3 9 6 ) .  They f u r t h e r  c o n ­
c lu d e d  t h a t  " t h e  r e s u l t s  f o r  t h e  . . .WAIS d i g i t  s p a n  w e re  p a r t i c u ­
l a r l y  d i s a p p o i n t i n g "  (p .  3 9 7 ) .  F u r t h e r  c l a r i f i c a t i o n  o f  t h e s e  
f i n d i n g s  i s  a f f o r d e d  when i t  i s  n o t e d ,  on  c l o s e r  e x a m i n a t i o n  o f  t h e  
s a m p le  o f  d e p r e s s i v e s ,  t h a t  t h e y  w e r e  s e l e c t e d  i n  s u c h  a way a s  to  
e l i m i n a t e  any c a s e s  i n  w h ic h  b r a i n  d am ag e  w as s u s p e c t e d  t o  b e  c o e x i s ­
t e n t  w i t h  p s y c h o s i s .  T h u s ,  i n c l u s i o n  o f  d a t a  from  an  i n s t r u m e n t  t h a t  
i s  s e n s i t i v e  to  d e p r e s s i o n  o f  a  f u n c t i o n a l  o r i g i n  w ould  b e  e x p e c t e d  
to  im p ro v e  t h e  r a t e  o f  c o r r e c t  d i a g n o s e s .
The s e v e r a l  s t u d i e s  c i t e d  a b o v e  b e a r  w i t n e s s  t o  t h e  e q u i v o c a l ,  
i f  n o t  c o n t r a d i c t o r y ,  f i n d i n g s  c h a r a c t e r i z i n g  t h e  b ro a d  s p e c t r u m  o f  
c u r r e n t  r e s e a r c h  i n  n e u r o p s y c h o l o g i c a l  a s s e s s m e n t .  A s id e  f ro m
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t h e o r e t i c a l  i s s u e s  a l r e a d y  r a i s e d ,  t h e  s t a t e  o f  f l u x  c h a r a c t e r i z i n g  
t h e  c u r r e n t  r e s e a r c h  may be a c c o u n te d  f o r ,  i n  p a r t ,  i n  t e r m s  o f  w id e  
v a r i a t i o n  i n  t h e  q u a l i t y  and s o p h i s t i c a t i o n  o f  r e s e a r c h  m e t h o d o l o g i e s  
u se d  i n  t h e  v a r i o u s  s t u d i e s  n o t e d .  T h i s  v ie w  i s  c o n g r u e n t  w i t h  t h a t  
o f  P a r s o n s  and P r i g a t a n o  (1978) who s t a t e  t h a t  "som e o f  t h e  m e th o d ­
o l o g i c a l  p r o b le m s  . . .  i f  c a r e f u l l y  c o n s i d e r e d  and  a c t e d  on  c o u ld  
s u b s t a n t i a l l y  im p ro v e  t h e  q u a l i t y  o f  t h e  r e s e a r c h "  ( p .  6 0 8 ) .
Research Relating to the Development and 
Use of the Bender Gestalt Test
Yet a n o t h e r  l i n e  o f  i n q u i r y  p a r t i c u l a r l y  i m p o r t a n t  t o  t h e  
p r e s e n t  s t u d y  i s  t h a t  w h ic h  h a s  f o l l o w e d  i n t r o d u c t i o n  o f  t h e  B ender 
G e s t a l t  T e s t  ( B e n d e r ,  1 9 3 8 ) .  From t h e  o u t s e t ,  r e s e a r c h  i n v e s t i g a t i n g  
t h e  t e s t ' s  v a l i d i t y  and  r e l i a b i l i t y  a s  a  d i a g n o s t i c  i n s t r u m e n t  f o r  
a s s e s s i n g  n e u r o p s y c h o l o g i c a l  d y s f u n c t i o n  h a s  p r o d u c e d  e q u i v o c a l  
r e s u l t s .  N e v e r t h e l e s s ,  s i n c e  i t s  i n i t i a l  p u b l i c a t i o n ,  t h e  B ender  
G e s t a l t  T e s t  (BGT) h a s  e n jo y e d ,  and c o n t i n u e s  t o  e n j o y ,  w id e  p o p u l a r ­
i t y  among p r a c t i t i o n e r s .  N o t in g  t h a t  t h e  BGT " h a s  b e e n  fo u n d  to  be 
t h e  t h i r d  o r  f o u r t h  m o s t  f r e q u e n t l y  u s e d  p s y c h o l o g i c a l  i n s t r u m e n t  i n  
t h e  w hole  a r m a m e n ta r iu m ,"  S c h u lb e rg  and T o l o r  (1 9 6 1 )  go on  to  p o i n t  
o u t  t h a t  "more t h a n  a  t h i r d "  o f  t h e i r  sa m p le  o f  176 m em bers  o f  A m eri­
c a n  P s y c h o l o g i c a l  A s s o c i a t i o n  D i v i s i o n  12 " f e l t  v e r y  c o n f i d e n t "  u s i n g  
t h e  t e s t  f o r  " d i f f e r e n t i a l  d i a g n o s i s  i n v o l v i n g  o r g a n i c i t y "  ( p .  3 5 1 ) .
S i m i l a r l y ,  r e p o r t i n g  a s u r v e y  o f  p s y c h o l o g i s t s '  o p i n i o n s  
r e g a r d i n g  t e s t  u s e ,  Wade and Baker (1 9 7 7 )  found  t h a t  t h e  BGT r a n k e d  
f o u r t h  i n  a  g ro u p  o f  tw e n ty  common p s y c h o l o g i c a l  t e s t s  t h a t  c l i n i c i a n s  
recommended s h o u l d  be  m a s te r e d  by c l i n i c a l  p s y c h o l o g y  s t u d e n t s  ( p .  8 76 )
Reflecting the variety of modes by which the posited
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r e l a t i o n s h i p  b e tw e e n  b r a i n  f u n c t i o n  and b e h a v i o r  h a s  b een  t h e o r i z e d ,  
r e s e a r c h  i n  n e u r o p s y c h o l o g y  h a s  p r o c e e d e d  on  a number o f  f r o n t s .  
S t u d i e s  have  s o u g h t  to  e l u c i d a t e  r e l a t i o n s h i p s  b e tw e e n  s u c h  v a r i a b l e s  
a s  s e x ,  a g e ,  t y p e ,  and  l o c a t i o n  o f  l e s i o n ,  v a r i o u s  s c o r i n g  m e th o d s ,  
and t h e  l i k e .  In  one  s t u d y  o f  t w e n t y - s e v e n  V e t e r a n s '  H o s p i t a l  
p a t i e n t s  w i t h  a  v a r i e t y  o f  o r g a n i c  b r a i n - d i s e a s e  d i a g n o s e s ,  i t  was 
c la im e d  t h a t  "The m o d e r a t e l y  h ig h  c o m m o n a l i ty  fo u n d  among t h e  s u b j e c t s  
o f  t h e  s t u d y  s u g g e s t s  t h a t  t h e  B ender  G e s t a l t  i s  s u c c e s s f u l  i n  p o i n t ­
in g  o u t  common f e a t u r e s  i n  t h e  p e r f o r m a n c e  o f  t h e s e  o r g a n i c  p a t i e n t s "  
( G u e r t i n ,  1954, p .  3 6 7 ) .  A n o th e r  i n v e s t i g a t i o n  u s i n g  t h e  BGT d r a w in g s  
o f  c h i l d r e n  was r e p o r t e d  by Q u a s t  ( 1 9 6 1 ) ,  who fo u n d  t h a t  on  t e n  o f  
s e v e n t e e n  a t t r i b u t e s  o f  t h e  c h i l d r e n ' s  d r a w i n g s ,  t h e  t e s t  s u c c e s s f u l l y  
d i s c r i m i n a t e d  b e tw e e n  b r a in - d a m a g e d  and  e m o t i o n a l l y  d i s t u r b e d  s a m p le s  
o f  s u b j e c t s .
C om paring  t h e  BGT to  o t h e r  w e l l - k n o w n  n e u r o p s y c h o l o g i c a l  t e s t s  
( t h e  B en to n  V i s u a l  R e t e n t i o n  T e s t  and t h e  G r a h a m -K e n d a l l  Memory f o r  
D e s ig n s  T e s t ) ,  B r i l l i a n t  and G y n th e r  (1 9 6 3 )  d e m o n s t r a t e d  t h a t  a l l  
t h r e e  " t e s t s  f o r  o r g a n i c i t y  . . . p r e d i c t  c l i n i c a l  d i a g n o s i s  o f  o r g a n ­
i c i t y  a t  a v e r y  h i g h  l e v e l  o f  s i g n i f i c a n c e "  ( p .  4 7 7 ) .
A p p ro a c h in g  t h e  i s s u e  from  t h e  s t a n d p o i n t  o f  v a r i a t i o n  i n  th e  
s t a n d a r d  a d m i n i s t r a t i o n  o f  t h e  BGT d e s i g n s ,  A rm s t ro n g  (1 9 6 5 )  u s e d  
c o p i e d  and r e c a l l e d  f i g u r e s ;  Snortum  (1 9 6 5 )  p r e s e n t e d  t h e  f i g u r e s  
w i t h  a  t a c h i s t o s c o p e ;  an d  C a n t e r  (1 9 6 6 ,  1971)  d e v e lo p e d  and u s e d  a  
b a c k g ro u n d  i n t e r f e r a n c e  p r o c e d u r e .  A l l  r e p o r t e d  t h a t  t h e  BGT was g en ­
e r a l l y  s u c c e s s f u l  i n  d i s c r i m i n a t i n g  b r a i n - d a m a g e d  from  n o r m a l  and 
c e r t a i n  p s y c h i a t r i c  p o p u l a t i o n s .  A g a in ,  i n  a  s t u d y  r e l a t i n g  c l i n i c a l  
ju d g m e n t  to  r e c a l l  s c o r e s ,  a " s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e
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was s e e n  i n  mean BG r e c a l l  s c o r e s  b e tw e e n  n o rm a l  and H u n t i n g t o n ' s  
d i s e a s e  g r o u p s "  (L y le  & Q u a s t ,  197 6 ,  p .  2 3 0 ) .
L o o k in g  a t  t h e  p r o b le m  o f  c e r e b r a l  d y s f u n c t i o n  a s  a  c o n s e ­
qu e n c e  o f  o t h e r  d i s e a s e  o r  t r a u m a  p r o c e s s e s  t h a t  a r e  n o t  t h e m s e l v e s  
n e u r o l o g i c a l ,  two s t u d i e s  a r e  o f  i n t e r e s t .  I n  t h e  f i r s t ,  a  s t u d y  o f  
204 s u b j e c t s  w i t h  h i s t o r i e s  o f  c e r e b r a l  th r o m b o s i s  o r  m y o c a r d i a l  
i n f a r c t i o n  showed t h a t  a l l  o f  t h e  p s y c h o l o g i c a l  t e s t s  u s e d ,  o n e  o f  
w h ich  was t h e  B en d e r  G e s t a l t ,  d i s c r i m i n a t e d  b e tw e e n  t h e  b r a i n - d a m a g e d  
( c e r e b r a l  t h r o m b o s i s )  and a s su m e d  non-dam aged  ( m y o c a r d i a l  i n f a r c t i o n )  
p a t i e n t s  a t  " s i g n i f i c a n t l y  b e t t e r  t h a n  c h a n c e  l e v e l s "  (E v an s  & M arm or­
s t o n ,  1963 , p .  9 1 5 ) .  In  t h e  s e c o n d  i n v e s t i g a t i o n ,  e v a l u a t i o n  o f  two 
d i f f e r e n t  m o d e ls  o f  f i l t e r s  f o r  t h e  h e a r t - l u n g  m a c h in e  em ployed  d u r i n g  
o p e n - h e a r t  s u r g e r y  ( t h e  f i l t e r s  re m o v e  m ic r o e m b o l i  f ro m  t h e  p a t i e n t ' s  
c i r c u l a t i n g  b lo o d )  by e v a l u a t i n g  p o s t - o p e r a t i v e  n e u r o l o g i c a l  i m p a i r ­
m ent by m ean s  o f  t h e  BGT f i g u r e s  s c o r e d  w i t h  P a s c a l  and  S u t t e l l ' s  
(1951) s c o r i n g  s y s t e m ,  " s t r i k i n g  r e s u l t s "  w ere  r e p o r t e d  ( L a n d i s ,  B ax­
t e r ,  P a t t e r s o n  & T a u b e r ,  1 9 7 4 ,  p .  5 6 0 ) .
B ra u n  and Reed ( 1 9 7 5 ) ,  r e p o r t i n g  an i n t e r e s t i n g  a t t e m p t  t o  
a s s e s s  t h e  s e n s i t i v i t y  o f  t h e  BGT to  b r a i n  dam age ,  i n d i c a t e d  t h a t  
t h e i r  s a m p le  o f  " n o n - b r a i n - d a m a g e d  c o l l e g e  s u b j e c t s  c o u ld  n o t  s i m u l a t e  
o r g a n i c i t y  on  t h e  B e n d e r - G e s t a l t  t e s t  when i n s t r u c t e d  to  do s o "  ( p .
244) .
R e f l e c t i n g  much m ore  e q u i v o c a l  c o n c l u s i o n s ,  W e i n s t e i n  and  
Jo h n s o n  (1 9 6 4 )  r e p o r t e d  t h a t  a  p a n e l  o f  tw e n ty  p s y c h o l o g i s t s  o f  v a r y ­
in g  l e v e l s  o f  t r a i n i n g  and e x p e r i e n c e  c o u ld  n o t  " s i g n i f i c a n t l y  
d i s t i n g u i s h  b e tw e e n  d r a w in g s  o f  e p i l e p t i c  p a t i e n t s  b e f o r e  o r  a f t e r  
u n i l a t e r a l  t e m p o r a l  l o b e c t o m y " ,  n o r  c o u ld  t h e  p a n e l  d i s t i n g u i s h  t h e s e
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d r a w in g s  from  d r a w i n g s  p ro d u c e d  by a  s a m p le  o f  p s y c h o t i c  p a t i e n t s  
(p .  8 1 9 ) .  T h ese  f i n d i n g s  c o r r o b o r a t e  t h o s e  r e p o r t e d  e a r l i e r  by G o ld ­
b e r g  ( 1 9 5 9 ) ,  who fo u n d  c h a t  " S t a f f  p s y c h o l o g i s t s ,  p s y c h o lo g y  t r a i n e e s ,  
and  n o n p r o f e s s i o n a l  p e r s o n s  d id  n o t  d i f f e r  f ro m  e a c h  o t h e r  i n  t h e i r  
a b i l i t y  to  d i f f e r e n t i a t e  o r g a n i c  f ro m  n o n o r g a n i c  p a t i e n t s  by m eans o f  
t h e i r  B en d e r  p r o t o c o l s "  ( p .  2 8 ) .
R e p o r t i n g  a  1963 s t u d y  t h a t  i n v e s t i g a t e d  t h e  c o m p a r a t i v e  e f f i ­
c i e n c y  o f  a  b a t t e r y  o f  t e s t s ,  i n c l u d i n g  t h e  B en d e r  G e s t a l t ,  f o r  
d i s c r i m i n a t i n g  c e r e b r a l  dam age , Korman a n d  B lu m b e r t  (1 9 6 3 )  i n d i c a t e d  
t h e  m o s t  and l e a s t  e f f e c t i v e  i n s t r u m e n t s  i n  t h e i r  s t u d y ,  b u t  o n l y  
m e n t i o n  t h e  r e s u l t s  w i t h  t h e  BGT i n  p a s s i n g ,  s u g g e s t i n g  t h a t  t h e y  
w e re  n o t  s i g n i f i c a n t  i n  c o m p a r i s o n  t o  t h o s e  o b t a i n e d  f ro m  t h e  o t h e r  
i n s t r u m e n t s ,  e v e n  th o u g h  th e y  r e p o r t e d  a n  o v e r a l l  c o r r e c t  d i a g n o s t i c  
r a t e  o f  7 3 .7 5  p e r c e n t  f o r  t h e  BGT ( p p .  3 0 5 - 6 ) .  T h e s e  f i n d i n g s  w ere  
e c h o e d  by W atson  ( 1 9 6 8 ) ,  who found  t h e  B e n d e r  G e s t a l t ' s  a b i l i t y  to  
d i s c r i m i n a t e  s c h i z o p h r e n i c  f ro m  o r g a n i c  p a t i e n t s  " q u i t e  u n i m p r e s s i v e "  
(p .  4 1 3 ) .
D u r in g  t h e  d e c a d e s  s i n c e  t h e  i n t r o d u c t i o n  o f  t h e  B e n d e r  G e s t a l t  
T e s t ,  t h e r e  h a v e  b e e n  nu m ero u s  a t t e m p t s  t o  s t a n d a r d i z e  o r  q u a n t i f y  
s c o r i n g  o f  t h e  f i g u r e s  f o r  p u r p o s e s  o f  d i f f e r e n t i a l  d i a g n o s i s .  Among 
t h e  m ore  n o t a b l e  o f  t h e s e  a r e  t h o s e  p u b l i s h e d  by B i l l i n g s l e a  ( 1 9 4 8 ) ,  
G o b e tz  ( 1 9 5 3 ) ,  H a in  ( 1 9 6 4 ) ,  H u t t  and B r i s k i n  ( 1 9 6 0 ) ,  P a s c a l  and  
S u t t e l l  ( 1 9 5 9 ) ,  and  P e e k  and  Q u a s t  ( 1 9 5 1 ) .  S e v e r a l  s t u d i e s  h a v e  a l s o  
b e e n  r e p o r t e d  c o m p a r in g  t h e s e  m e th o d s  i n  v a r i o u s  c o m b i n a t i o n s  and 
a c r o s s  s i m i l a r  s a m p l e s .  B u t l e r ,  C o u r s e y ,  an d  G a tz  (1 9 7 6 )  r e p o r t e d  an 
i n t e r e s t i n g  s t u d y  i n  w h ic h  t h e y  com pared  two d i f f e r e n t  m e th o d s  o f  
s c o r i n g  t h e  BGT a c r o s s  c u l t u r a l  ( b l a c k - w h i t e )  l i n e s .  T h e i r  f i n d i n g s
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
27
i n d i c a t e d  t h a t ,  (1 )  t h e  B en d e r  d i d  n o t  d i s c r i m i n a t e  a g a i n s t  b l a c k s  i n  
t h e i r  s t u d y ,  and (2 )  " b o t h  s c o r i n g  m e th o d s  f a i l e d  t o  d i f f e r e n t i a t e  
b r a in - d a m a g e d  f ro m  p s y c h i a t r i c  p a t i e n t s "  ( p .  2 8 3 ) .
I n v e s t i g a t i n g  t h e  e f f e c t  o f  d i f f e r i n g  s c o r i n g  p r o c e d u r e s  and 
modes o f  a d m i n i s t r a t i o n  o f  t h e  BGT t o  c h i l d r e n ,  Keogh and  S m ith  (1961)  
r e p o r t e d  t h a t  "n o  s i g n i f i c a n t  d i f f e r e n c e s  b e tw e e n  g r o u p  a d m i n i s t r a t i o n  
m e th o d s  w ere  d e m o n s t r a t e d "  and t h a t  " t h e  s c o r i n g  s y s t e m  p r o p o s e d  by 
t h e  a u t h o r s  i s  a r e l i a b l e  i n s t r u m e n t  f o r  e v a l u a t i n g  p e r f o r m a n c e  o f  
k i n d e r g a r t e n  c h i l d r e n  on  t h e  B ender  G e s t a l t  T e s t "  ( p p .  1 7 4 - 5 ) .
Kramer and F en w ick  ( 1 9 6 6 ) ,  r e p o r t i n g  an  i n v e s t i g a t i o n  i n  w h ic h  
e i g h t e e n  o r g a n i c  and  t w e n t y - f o u r  f u n c t i o n a l  p s y c h i a t r i c  p a t i e n t s  w e re  
a d m i n i s t e r e d  t h e  BGT, fo u n d  t h a t  b o t h  o f  t h e  two s c o r i n g  s y s te m s  w h ic h  
w e re  com pared  d e m o n s t r a t e d  t h e  a b i l i t y  to  d i s c r i m i n a t e  b e tw e e n  t h e  
o r g a n i c  and p s y c h i a t r i c  s a m p le s  " b e y o n d  t h e  .001  l e v e l  o f  s i g n i f i c a n c e "  
( p .  5 9 ) .  A dd ing  t h e  f a c t o r  o f  e x a m in e r  e x p e r i e n c e  t o  t h e  ab o v e  fo rm ­
u l a t i o n ,  L ack s  and N ew port (1980)  r e p o r t e d  t h a t  " p s y c h o l o g i s t s  
r e g a r d l e s s  o f  t h e i r  l e v e l  o f  e x p e r i e n c e  c a n  a c h i e v e  h i g h  l e v e l s  o f  
d i a g n o s t i c  a c c u r a c y  w i t h  t h e  B en d e r  G e s t a l t  t h r o u g h  u s e  o f  a  b r i e f  
. . . o b j e c t i v e  s c o r i n g  s y s te m "  ( p .  3 5 6 ) .  T h e s e  f i n d i n g s  c o n t r a s t  
w i t h  t h o s e  r e p o r t e d  by M osher and  S m i th  (19 6 5 )  t h a t ,  w h i l e  t h e  two 
m e th o d s  e v a l u a t e d  " d i f f e r e n t i a t e d  b e tw e e n  t h e  g r o u p s  a t  a  b e t t e r  t h a n  
c h a n c e  l e v e l  o f  s i g n i f i c a n c e ,  d i a g n o s t i c  e r r o r s  w e re  so  f r e q u e n t  a s  
to  p r e c l u d e  t h e  BGT's b e i n g  u s e f u l  f o r  i n d i v i d u a l  d i a g n o s i s "  (p .  5 3 0 ) .
F i n a l l y ,  L a c k s  (19 7 9 )  h a s  p u b l i s h e d  a b r i e f  r e v i e w  o f  t h e  l i t ­
e r a t u r e  r e l a t i n g  to  t h e  c u r r e n t  s t a t u s  o f  t h e  B en d e r  G e s t a l t  T e s t ,  
e s p e c i a l l y  w i t h  r e s p e c t  t o  d i a g n o s t i c  a c c u r a c y .  She c o n c l u d e s  t h a t  
" t h e  B ender  G e s t a l t  t e s t  a p p e a r s  t o  b e  m o s t  u s e f u l  i n  d e t e c t i n g
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d i f f u s e  c o r t i c a l  dam age r a t h e r  t h a n  l o c a l i z e d  l e s i o n s  . . . t h e  k in d s  
o f  n e u r o p a t h o l o g y  m o s t  f r e q u e n t l y  s e e n  in  p s y c h i a t r i c  s e t t i n g s "
( p .  3 3 ) .
Sm ith  (1 9 7 5 ,  1983) h a s  p u b l i s h e d  two d i s c u s s i o n s  o f  n e u r o p s y ­
c h o l o g i c a l  t e s t i n g  p r a c t i c e  t h a t  a r e  h i g h l y  c r i t i c a l  o f  t h e  c o n t i n u e d  
u s e  o f  t h e  B ender  G e s t a l t  o r  s i m i l a r  t e s t s ,  e i t h e r  a s  s i n g l e  s c r e e n i n g  
i n s t r u m e n t s  o r  a s  p a r t  o f  m ore  e x t e n s i v e  b a t t e r i e s .  P e r h a p s  h i s  a t t i ­
t u d e  i n  t h i s  r e g a r d  i s  m o s t  p r e c i s e l y  summed up by B i g l e r  an d  E h r f u r t h
( 1 9 8 0 ) ,  who s t a t e  t h a t  " r e g a r d l e s s  o f  how th e  BG i s  s c o r e d  o r  a n a l y z e d ,
a s  a s i n g l e  m e a s u r e  o r  a s  an  a d j u n c t  s c r e e n i n g  m e a s u r e  . . . i t s  c l i n ­
i c a l  u s e  a s  a  n e u r o d i a g n o s t i c  t e c h n i q u e  i s  s p e c i o u s  a t  b e s t "  (p .  8 8 ) .
In  an  e f f o r t  t o  a d d  a n o t h e r  p e r s p e c t i v e  t o  B i g l e r  and  
E h r f u r t h ' s  a s s e r t i o n ,  i t  may b e  h e l p f u l  to  exam ine t h e i r  a r t i c l e  m ore  
c l o s e l y .  I t  s h o u ld  b e  n o t e d  t h a t  t h e  a u t h o r s  w e re  r e s p o n d i n g  to  
L a c k ' s  (1979)  r e v i e w .  In  s u p p o r t  o f  t h e i r  a s s e r t i o n ,  t h e y  p r e s e n t  
f i v e  c a s e  h i s t o r i e s  o f  p a t i e n t s  whose  com pu te r  a s s i s t e d  to m o g ra p h y  
(CAT) s c a n s  c l e a r l y  showed t h e  p r e s e n c e  o f  s e r i o u s  b r a i n  p a t h o l o g y ,  
w h i l e  t h e i r  r e p r o d u c t i o n s  o f  t h e  B ender  G e s t a l t  f i g u r e s  showed "few  
e r r o r s  and no i n d i c a t i o n  f o r  t h e  s e v e r i t y  o f  th e  d a m a g e " ( B i g l e r  & 
E h r f u r t h ,  1980, p .  8 8 ) .  W h i le  t h e  c a s e  h i s t o r i e s  p r e s e n t e d  a r e  c e r ­
t a i n l y  e v i d e n c e  t h a t  d i f f e r e n t i a l  d i a g n o s i s  of  b r a i n  p a t h o l o g y  w i t h  
t h e  B ender G e s t a l t  T e s t  i s  s u b j e c t  to  e r r o r ,  i t  m u s t  b e  p o i n t e d  o u t  
t h a t  s u c h  a c h a r g e  i s  t r u e  o f  any  t e s t  o r  b a t t e r y  c u r r e n t l y  a v a i l a b l e .  
In  any c a s e ,  a  s a m p le  o f  f i v e  c a s e  h i s t o r i e s  c a n n o t  b e  s e r i o u s l y  
r e g a r d e d  a s  a d e q u a t e  s u p p o r t  f o r  a  c o n c l u s i o n  o f  t h i s  s o r t .
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
29
R e s e a r c h  w i t h  t h e  Symbol D i g i t  
M o d a l i t i e s  T e s t
S i n c e  t h e  m i d d l e - t o - l a t e  1 9 6 0 s ,  o n e  o f  t h e  more p r o m i s i n g  
a r e a s  o f  n e u r o p s y c h o l o g i c a l  a s s e s s m e n t  r e s e a r c h  h as  c e n t e r e d  a r o u n d  
u s e  o f  s y m b o l - d i g i t  s u b s t i t u t i o n  t a s k s  t o  p r o v i d e  t h e  b e h a v i o r a l  d a t a  
f o r  a s s e s s i n g  c e r e b r a l  d y s f u n c t i o n .  An o b v i o u s  a d v a n t a g e  i n h e r e n t  i n  
t h e  u s e  o f  s u c h  t a s k s  f o r  t e s t i n g  i n t e l l e c t u a l  o r  n e u r o p s y c h o l o g i c a l  
f u n c t i o n  i s  t h e  e a s e  w i t h  w h ic h  t h e y  c a n  b e  q u a n t i f i e d ,  and  t h u s  a l s o  
s t a n d a r d i z e d  and n o rm e d . T h a t  s u c h  t a s k s  m i g h t  a l s o  l e n d  t h e m s e l v e s  
t o  g r e a t e r  a c c u r a c y  i n  d i f f e r e n t i a l  d i a g n o s i s ,  e i t h e r  th r o u g h  m ore  
p r e c i s e  m e a s u re m e n t  o r  by  t a p p i n g  n e u r o l o g i c a l  f u n c t i o n s  t h a t  a r e  
more s e n s i t i v e  to  t h e  p r e s e n c e  o f  b r a i n  p a t h o l o g y ,  i s  a l s o  a  d i s t i n c t  
p o s s i b i l i t y .  R e v ie w in g  101 s t u d i e s  d a t i n g  from  1910 to  1968 , d e a l i n g
w i t h  o r g a n i c  im p a i r m e n t  and t h e  r o l e  o f  l e a r n i n g  and m o to r  f a c t o r s  i n
t e s t  p e r f o r m a n c e ,  Kaufman (1 9 6 8 )  h a s  t h i s  t o  s a y :
One t e s t  w h ic h  i s  u s e d  i n  t h e  d i a g n o s i s  o f  o r g a n i c  i n t e l l e c ­
t u a l  d e f i c i t  i s  t h e  w e l l  known s u b s t i t u t i o n  t e s t .  . . . The w o rk  
o f  s e v e r a l  i n v e s t i g a t o r s  i n d i c a t e s  t h a t  s u b j e c t s  w i t h  c e r e b r a l  
p a t h o l o g y  te n d  to  do b a d l y  on  s u b s t i t u t i o n  t e s t s ,  ( p .  47)
The t im e  sp a n  (1 9 1 0 —1968) s u g g e s t e d  i n  K au fm an 's  r e v i e w  
i n d i c a t e s  t h a t  t e s t s  i n v o l v i n g  sym bol s u b s t i t u t i o n  t a s k s  a r e  n o t  new . 
In  one  fo rm  o r  a n o t h e r ,  t h e y  h a v e  b een  u s e d  f o r  many y e a r s  i n  p s y c h o ­
l o g i c a l  t e s t s  o f  v a r i o u s  k i n d s .  "The d i g i t  sym bol o r  s u b s t i t u t i o n  
t e s t  i s  o n e  o f  t h e  o l d e s t  and  b e s t  e s t a b l i s h e d  o f  a l l  p s y c h o l o g i c a l  
t e s t s  . . . and  t h e  s p e e d  w i t h  w h ic h  he  ( t h e  s u b j e c t )  d o e s  i t  s e r v e s  
a s  a m e a s u r e  o f  h i s  i n t e l l e c t u a l  a b i l i t y "  ( W e c h s le r ,  1958 , c i t e d  i n
S m i th ,  1 9 6 8 ,  p .  8 4 ) .
R oyer  (1971)  and R o y e r ,  G i lm o r e ,  and Bruhn (1981)  r e p o r t  two 
s t u d i e s  u s i n g  t h e  s y m b o l - d i g i t  s u b s t i t u t i o n  t a s k  to  i n v e s t i g a t e
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I n f o r m a t i o n  p r o c e s s i n g  c a p a b i l i t i e s  i n  g r o u p s  o f  b r a i n  damaged and 
s c h i z o p h r e n i c  s u b j e c t s .
The R oyer  s t u d i e s  u s e d  t h e  s u b s t i t u t i o n  t a s k s  t a k e n  f ro m  t h e  
WAIS and f ro m  t h e  Army B e ta  T e s t .  Sm ith  (1 9 6 8 )  r e p o r t e d  d e v e lo p m e n t  
o f  a  "Sym bol D i g i t  M o d a l i t i e s  T e s t "  (SDMT) c o n s i s t i n g  o f  a  s e r i e s  o f  
n i n e  s y m b o ls  p a i r e d  w i t h  n u m b e rs  from  one  t o  n i n e .  The s u b j e c t  i s  
a sked  to  m a tc h  t h e  n u m b ers  and  sy m b o ls  i n  t im e d  w r i t t e n  and o r a l  
t e s t s .
The SDMT was d e v e l o p e d  . . . f o r  two s p e c i f i c  p u r p o s e s :  (1 )  
to  p r o v i d e  an  e f f e c t i v e  an d  econom ic  i n s t r u m e n t  f o r  s c r e e n i n g  
a p p a r e n t l y  n o rm a l  c h i l d r e n  and  a d u l t s  f o r  l e a r n i n g  and  o t h e r  
c e r e b r a l  d i s o r d e r s ,  and  (2 )  t o  c o n t r i b u t e  t o  d e f i n i t i o n s  o f  t h e  
n a t u r e  o f  d e f e c t s  r e s u l t i n g  f ro m  b r a i n  l e s i o n s  and  r e f l e c t e d  i n  
o t h e r  i m p a i r e d  n e u r o p s y c h o l o g i c a l  t e s t  p e r f o r m a n c e s .  ( S m i th ,  196 8 ,  
p .  85)
S i n c e  i t s  f i r s t  s e p a r a t e  p u b l i c a t i o n  i n  1 9 7 3 ,  t h e  SDMT h a s  
u n d e rg o n e  two s u b s e q u e n t  r e v i s i o n s ,  f i r s t  i n  1976 an d  a g a i n  i n  198 2 .  
The SDMT h a s  b e e n  w i d e l y  u s e d  b o t h  a s  a d i a g n o s t i c  and  a s  a r e s e a r c h  
i n s t r u m e n t .  Numerous s t u d i e s  h a v e  been  u n d e r t a k e n  i n  w h ic h  t h e  SDMT 
has been  u s e d  a l o n e  o r  a s  p a r t  o f  more e x t e n s i v e  n e u r o p s y c h o l o g i c a l  
t e s t  b a t t e r i e s ,  f o r  d i s c r i m i n a t i n g  o r g a n i c  i m p a i r m e n t  r e l a t e d  to  a g i n g  
in  t h e  p r e s e n c e  o f  e d u c a t i o n a l  l e v e l  a s  a m o d i f y i n g  v a r i a b l e  ( C e n t o -  
f a n t i ,  1 9 7 5 ) ,  i n v e s t i g a t i o n  o f  n e u r o p s y c h o l o g i c a l  d e f i c i t s  a s s o c i a t e d  
w i th  an  e n d o c r i n e  d i s o r d e r  (W h e la n ,  S c h t e i n g a r t ,  S t a r k m a n ,  & S m i t h ,
1980) ,  d i s c r i m i n a t i n g  m in im a l  b r a i n  d y s f u n c t i o n  f ro m  e m o t i o n a l  d i s t u r ­
bance  i n  c h i l d r e n  (Owens, 1 9 7 0 ) ,  s c r e e n i n g  s e n i l e  d e m e n t i a  p a t i e n t s  
( P f e f f e r ,  K u r o s a k i ,  H a r r a h ,  C h a n c e ,  B a t e s ,  D e t e l s ,  F i l o s  & B u tz k e ,
1 9 8 1 ) ,  and  d o c u m e n t in g  " i n i t i a l  and  lo n g  t e r m  n e u r o p s y c h o l o g i c a l  
s e q u e l a e  o f  co m m issu ro to m y "  (C a m p b e l l ,  Bogen & S m i t h ,  1 9 8 1 ) .  The 
f i n d i n g s  r e p o r t e d  i n  t h e s e  s t u d i e s  a r e  n o t  u n i f o r m l y  s u p p o r t i v e  o f
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
31
Che SDMT, and  t h u s  o n ly  p a r t i a l l y  c o r r o b o r a t e  t h e  a s s e r t i o n  t h a t  "T he  
SDMT i s  p r o b a b l y  t h e  m ost e c o n o m ic ,  s e n s i t i v e ,  v a l i d  and u s e f u l  s i n g l e  
t e s t  f o r  d i f f e r e n t i a l  d i a g n o s i s  and f o r  g e n e r a l  c l i n i c a l  a s s e s s m e n t "  
(S m i th ,  1 9 8 3 ,  p .  4 8 5 ) .
S u c h  a  c l a i m  i s  in d e e d  s t r o n g ,  b u t  p e r h a p s  n o t  e n t i r e l y  u n e x ­
p e c t e d ,  i n a s m u c h  a s  t h e  a u t h o r  and d e v e l o p e r  o f  t h e  t e s t  h a s  much a t  
s t a k e  i n  i t s  a c c e p t a n c e .  I n  any  c a s e ,  t h e  comment p r o v i d e s  a n  i n t e r ­
e s t i n g  f o r m a t  f o r  f u r t h e r  c o n s i d e r a t i o n  o f  t h e  Owen (1970)  and W helan  
e t  a l .  (1 9 8 0 )  s t u d i e s .
I n  t h e  f i r s t  i n s t a n c e ,  t h e  SDMT and  v a r i o u s  o t h e r  s e l e c t e d  
t e s t s  f ro m  t h e  M ic h ig a n  N e u r o p s y c h o l o g i c a l  T e s t  B a t t e r y  w ere  u s e d  i n  
an  a t t e m p t  t o  d i s c r i m i n a t e  b e tw e e n  s a m p le s  o f  b r a i n - d a m a g e d  and emo­
t i o n a l l y  d i s t u r b e d  p r e - a d o l e s c e n t  b o y s .  I t  w as  r e p o r t e d  t h a t  " n o n e  
o f  t h e  c o m b i n a t i o n s  o f  t e s t s  was a b l e  to  d i s c r i m i n a t e  b e tw een  t h e  two 
g r o u p s "  (O w ens , 1970, p .  3 8 3 ) .  In  t h e  se c o n d  s t u d y ,  t h e  a u t h o r s ,  
r e p o r t i n g  r e s u l t s  o f  an i n v e s t i g a t i o n  o f  n e u r o l o g i c a l  d e f i c i t s  a s s o ­
c i a t e d  w i t h  C u s h i n g ' s  s y n d ro m e ,  fo u n d  t h a t  " c o m p a r i s o n  o f  mean s c o r e s  
o f  t h e  f o u r  g r o u p s  r e v e a l s  a s t r i k i n g l y  c o n s i s t e n t  p a t t e r n  o f  p r o g r e s ­
s i v e  d e c l i n e s  i n  a lm o s t  a l l  t e s t s  o f  c o g n i t i v e  an d  n o n - c o g n i t i v e  
f u n c t i o n "  (W helan  e t  a l . ,  1980 , p .  7 5 5 ) .  H o w ev e r ,  o f  g r e a t e r  r e l e ­
v a n c e  t o  t h e  p r e s e n t  d i s c u s s i o n ,  c l o s e r  e x a m i n a t i o n  o f  t h e  s c o r e s  f o r  
th e  v a r i o u s  t e s t s  i n  t h e  b a t t e r y  i n c l u d i n g  t h e  c o m p l e t e  WAIS a s  w e l l  
a s  t h e  SDMT, r e v e a l s  t h a t  e v e n  a t  t h e  e x t r e m e ,  t h a t  i s ,  marked d e f i c i t  
l e v e l ,  t h e  SDMT p ro v e d  no m ore  s e n s i t i v e  t o  t h e  d e f i c i t s  a s s o c i a t e d  
w i t h  C u s h i n g ' s  syndrom e th a n  w ere  t e n  o f  t h e  f o u r t e e n  WAIS s u b t e s t s .
F i n a l l y ,  two a r t i c l e s  r e p o r t i n g  s t u d i e s  by C h a r l e s  W atson  and 
h i s  a s s o c i a t e s ,  i n  w hich  t h e  SDMT and o t h e r  a b i l i t y  and p e r s o n a l i t y
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measures were used in attempts to discriminate organic from psychi­
atric patients, are of interest. In the first, portions of the Mich­
igan Neuropsychological Test Battery and the MMPI depression scale 
were used in an attempt to discriminate organics from depressives.
A t o n e  l e v e l ,  i t  w as a t t e m p t e d  to  d i s c r i m i n a t e  b e tw e e n  t h e  two g r o u p s  
a l o n e ,  and  i t  was r e p o r t e d  t h a t  " . . .  t h e  m o s t  p o w e r f u l  a b i l i t y - b a s e d  
d i s c r i m i n a t o r y  [ s i c ]  was t h e  . . . SDMT" (W a tso n ,  D a v i s  & C a s s e r ,  1 9 7 8 ,  
p .  3 9 4 ) .  The s e c o n d  s t u d y  i n v e s t i g a t e d  a  s i m i l a r  q u e s t i o n ,  b u t  
i n c l u d e d  a  much b r o a d e r  s p e c t r u m  o f  s y n d ro m e s  i n  t h e  p s y c h i a t r i c  
s a m p le .  I t  was r e p o r t e d  t h a t :
The S m ith  Symbol D i g i t  M o d a l i t i e s  T e s t  r e s u l t s  w e re  p a r t i c ­
u l a r l y  e n c o u r a g i n g .  The SDMT p ro v e d  c a p a b l e  o f  s e p a r a t i n g  t h e  
o r g a n i c s  f ro m  e a c h  o f  t h e  f u n c t i o n a l  g r o u p s  b o t h  b e f o r e  and  a f t e r  
m a tc h in g  f o r  d e m o g r a p h ic  v a r i a b l e s .  (W a ts o n ,  C a s s e r ,  S c h e f e r ,  
B u ra n e n ,  & W old , 1981 , p .  352)
From t h e  f o r e g o i n g ,  i t  i s  c l e a r  t h a t  w h i l e  t h e  d i g i t - s y m b o l  
s u b s t i t u t i o n  t a s k  g e n e r a l l y ,  and th e  Symbol D i g i t  M o d a l i t i e s  T e s t  i n  
p a r t i c u l a r  h a v e  r e c i e v e d  c o n s i d e r a b l e  s u p p o r t  a s  a  m eans o f  s c r e e n i n g  
c e r e b r a l  d y s f u n c t i o n ,  t h e  r e s e a r c h  h a s  by no m eans  b e e n  u n a n im o u s  i n  
t h a t  s u p p o r t .  D o u b t l e s s ,  c o n t i n u i n g  r e s e a r c h  w i l l  s e r v e  to  f u r t h e r  
c l a r i f y  t h e  i s s u e .
Summary
C h a p t e r  I I  h a s  p r e s e n t e d  a r e v i e w  o f  t h e  l i t e r a t u r e  r e l e v a n t  
to  t h e  c u r r e n t  s t u d y .  The s o u r c e s  c i t e d  i n  t h e  r e v i e w  i l l u s t r a t e  t h e  
g e n e r a l  t r e n d  o f  r e s e a r c h  and d e v e lo p m e n t  a s  t h e y  r e l a t e  t o  n e u r o p s y ­
c h o l o g i c a l  a s s e s s m e n t .  In  p a r t i c u l a r ,  r e s e a r c h  u s i n g  o r  r e l a t i n g  to  
t h e  u s e  o f  t h e  B en d e r  V i s u a l - M o t o r  C e s t a l t  and  Symbol D i g i t  M o d a l i t i e s  
t e s t s  h a s  b een  e m p h a s i z e d .  W hile  on th e  b a s i s  o f  t h e  s o u r c e s  s u r v e y e d
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i t  may be  a c k n o w le d g e d  t h a t  s u p p o r t  f o r  t h e  SDMT i s  p e r h a p s  s t r o n g e r ,  
more c o n s i s t e n t  and  m ore  r e c e n t  t h a n  much t h a t  i s  r e p o r t e d  f o r  th e  
B ender G e s t a l t ,  i t  c a n n o t  b e  a r g u e d  a t  t h i s  j u n c t u r e  t h a t  t h e  f i n d i n g s  
u n e q u i v o c a l l y  s u p p o r t  o r  o p p o s e  t h e  u s e  o f  e i t h e r  i n s t r u m e n t  i n  
d i f f e r e n t i a l  d i a g n o s i s .
C h a p t e r  I I I  p r e s e n t s  t h e  r e s e a r c h  m e th o d o lo g y  u s e d  i n  t h e  
p r e s e n t  s t u d y .
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CHAPTER I I I  
THE RESEARCH METHODOLOGY 
O v e rv ie w
C h a p te r  I I I  d i s c u s s e s  t h e  m e th o d o lo g y  d e v e l o p e d  f o r  t h e  
p r e s e n t  s t u d y .  T he  d i s c u s s i o n  i n c l u d e s  a  d e s c r i p t i o n  o f  t h e  r e s e a r c h  
d e s i g n ,  i d e n t i f i c a t i o n  o f  t h e  d e p e n d e n t  and i n d e p e n d e n t  v a r i a b l e s ,  
s u b j e c t  s e l e c t i o n  p r o c e d u r e s ,  i n c l u d i n g  s e l e c t i o n  c r i t e r i a  and  w h e re  
s u b j e c t s  w ere  o b t a i n e d .  A d e s c r i p t i o n  o f  t h e  f i e l d  p r o c e d u r e s  u s e d  
( i n c l u d i n g  t h e  i n t e r v i e w  f o r m a t ) , s e c u r i n g  in f o r m e d  c o n s e n t ,  and t e s t ­
i n g  i n s t r u c t i o n s  f o r  ea c h  s u b j e c t  i s  f o l l o w e d  by a d i s c u s s i o n  o f  t h e  
i n s t r u m e n t a t i o n  em ployed  in  t h e  p r e s e n t  s t u d y .  F i n a l l y ,  t h e  n u l l  
h y p o t h e s e s  a r e  s t a t e d  and t h e  d a t a  a n a l y s i s  p r o c e d u r e s  a r e  d e s c r i b e d  
i n  d e t a i l .
R e s e a r c h  D e s ig n
The p r e s e n t  s tu d y  em ployed  a n  e x - p o s t - f a c t o  d e s i g n  f o r  e x a m in ­
in g  p o s i t e d  r e l a t i o n s h i p s  b e tw e e n  n e u r o p s y c h o l o g i c a l  f u n c t i o n i n g  and  
t e s t  p e r f o r m a n c e .  An a p r i o r i  a s s u m p t i o n  was made t h a t  t h e  e x a m in in g  
n e u r o l o g i s t ' s  d i a g n o s i s  e s t a b l i s h e d  t h e  p r e s e n c e  o r  a b s e n c e  o f  s i g n i f ­
i c a n t  b r a i n  d a m a g e .  Thus, f o r  t h e  p u r p o s e s  o f  t h e  p r e s e n t  r e s e a r c h ,  
t h e  c r i t e r i o n  c o n d i t i o n  was a ssu m ed  t o  be  an  e s t a b l i s h e d  f a c t  f o r  e a c h  
s u b j e c t  p a r t i c i p a t i n g  in  th e  s t u d y .  S i n c e  t h e  c r i t e r i o n  c o n d i t i o n  w as  
e s t a b l i s h e d  by p r i o r  n e u r o l o g i c a l  e x a m i n a t i o n  and d i a g n o s i s ,  i t  w as
34
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p o s s i b l e  t o  co m p are  t h e  d e c i s i o n s  o b t a i n e d  f ro m  t h e  two t e s t s  u s e d  i n  
t h e  s t u d y  w i t h  t h e  c r i t e r i o n .  The d e g r e e  o f  a g re e m e n t  b e tw e e n  t h e  
two t e s t s  p r o v i d e d  a m e a s u r e  o f  t h e  u s e f u l n e s s  o f  t h e  two t e s t s ,  b o th  
i n d i v i d u a l l y  and  c o l l e c t i v e l y ,  f o r  s c r e e n i n g  b r a i n  dam age i n  t h e  t a r ­
g e t  p o p u l a t i o n .
T he  I n d e p e n d e n t  V a r i a b l e  
The p r e s e n c e  o r  a b s e n c e  o f  b r a i n  dam age ( t h e  c r i t e r i o n ) , was 
e s t a b l i s h e d  by n e u r o l o g i c a l  e x a m i n a t i o n .
T h e  D e p e n d e n t  V a r i a b l e s  
Two d e p e n d e n t  v a r i a b l e s  w e r e  s t u d i e d ;
1. The o b t a i n e d  s c o r e s  f o r  t h e  B e n d e r  G e s t a l t  T e s t ,  u s i n g  t h e  
c r i t e r i a  e s t a b l i s h e d  by t h e  H a in  s c o r i n g  s y s t e m .
2 .  The o b t a i n e d  s c o r e s  on t h e  Sym bol D i g i t  M o d a l i t i e s  T e s t .
I n  e a c h  c a s e ,  t h e  d e c i s i o n  r e g a r d i n g  p r e s e n c e  o r  a b s e n c e  o f
n e u r o l o g i c a l  d y s f u n c t i o n  w as made i n  a c c o r d a n c e  w i t h  c u t - o f f  s c o r e s  
and norm s e s t a b l i s h e d  f o r  e a c h  t e s t .
S u b j e c t  S e l e c t i o n  
S u b j e c t s  f o r  t h e  p r e s e n t  s t u d y  w e re  s e l e c t e d  from  p a t i e n t s  
r e f e r r e d  to  t h e  n e u r o l o g y  c l i n i c  o f  t h e  p r i s o n  h o s p i t a l  a t  t h e  S t a t e  
P r i s o n  o f  S o u t h e r n  M i c h ig a n  d u r i n g  1983 and who w ere  s t i l l  i n c a r c e r ­
a t e d  i n  t h e  M ic h ig a n  c o r r e c t i o n s  s y s t e m  a t  t h e  t im e  o f  t h e  d a t a  
c o l l e c t i o n .  F i r s t ,  h o s p i t a l  r e c o r d s  w e re  r e v ie w e d  t o  v e r i f y  t h e  names 
and num bers  o f  r e s i d e n t s  a p p e a r i n g  o n  t h e  r e f e r r a l  s h e e t s ,  r e g a r d l e s s  
o f  t h e  b a s i s  f o r  r e f e r r a l .  S e c o n d ,  t h e  c u r r e n t  l o c a t i o n  o f  t h e s e  
i n d i v i d u a l s  w as o b t a i n e d  f ro m  t h e  c o m p u t e r i z e d  d a t a  p r o c e s s i n g  s y s te m
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o f  t h e  C o r r e c t i o n s  D e p a r t m e n t .  Each i n d i v i d u a l  t h u s  i d e n t i f i e d  w as 
t h e n  p l a c e d  on a m a s t e r  l i s t  n o t i n g ,  i n  a d d i t i o n  to  nam e, i d e n t i f i c a ­
t i o n  n u m b er ,  and l o c a t i o n  i n  t h e  s y s te m .  From t h i s  l i s t ,  n am es w e re  
t a k e n  i n  t h e  o r d e r  l i s t e d  and  t h e  r e l e v a n t  m e d i c a l  r e c o r d s  r e v i e w e d  
t o  a s c e r t a i n  w h e th e r  o r  n o t  t h e  r e s i d e n t  w ou ld  be  s u i t a b l e  f o r  t h e  
s t u d y  b a s e d  upon  t h e  t y p e  o f  d i a g n o s i s  r e c o r d e d  i n  h i s  f i l e  by t h e  
n e u r o l o g i s t .  In  g e n e r a l ,  a n y  s u b j e c t  t h u s  i d e n t i f i e d  c o u l d  b e  u s e d  i n  
t h e  s t u d y  so  lo n g  a s  t h e  p r e s e n c e  o r  a b s e n c e  o f  c e n t r a l  n e r v o u s  s y s t e m  
d i s o r d e r  had b e e n  e s t a b l i s h e d  by  t h e  e x a m in in g  n e u r o l o g i s t .  R e s i d e n t s  
w i t h  d i a g n o s e s  o f  n e u r o l o g i c a l  d i s o r d e r s  I n v o l v i n g  p e r i p h e r a l  s t r u c ­
t u r e s  w e re  i n c l u d e d  i n  t h e  s t u d y  sam ple  a s  n o n - b r a i n - d a m a g e d  s u b j e c t s ,  
a s  w e re  t h o s e  w i t h  d i a g n o s e s  o f  n a r c o l e p s y  o r  h e a d a c h e  w i t h o u t  f u r t h e r  
d i a g n o s i s  s t a t e d .  S u b j e c t s  w i t h  d i a g n o s e s  o f  b r a i n  t u m o r ,  a b c e s s ,  
c e r e b r a l  a t r o p h y ,  c e r e b e l l a r  a t r o p h y ,  i n t r u s i v e  o r  c o n c e s s i v e  t r a u m a ,  
v i r a l  o r  b a c t e r i a l  I n f e c t i o n ,  t h r o m b o s i s ,  a n e u r i s m ,  and  c e r e b r a l  p a l s y  
w e r e  c l a s s i f i e d  a s  b r a i n  dam aged f o r  t h e  p u r p o s e s  o f  t h e  p r e s e n t  s t u d y .
P r o c e d u r e s
A f t e r  t h e  p o p u l a t i o n  o f  p o t e n t i a l  t e s t  s u b j e c t s  had b e e n  
i d e n t i f i e d ,  t h e  f o l l o w i n g  s t e p s  w e re  t a k e n  i n  o b t a i n i n g  t h e  t e s t  d a t a .
1. Each p r o s p e c t i v e  s u b j e c t  was i n t e r v i e w e d  by t h e  r e s e a r c h e r ,  
g i v e n  a  w r i t t e n  d e s c r i p t i o n  o f  t h e  p r o p o s e d  s t u d y  ( a p p e n d i x  1 ) ,  and  
p r o v i d e d  w i t h  a n  o r a l  e x p l a n a t i o n  o f  any  a s p e c t s  o f  t h e  s t u d y  t h a t  
r e m a in e d  u n c l e a r  to  h im , e x c e p t  t h a t  s p e c i f i c  d e t a i l s  r e g a r d i n g  t h e  
n a t u r e  o f  t h e  t e s t  i n s t r u m e n t s  w e re  n o t  d i s c l o s e d .
2 .  Each  s u b j e c t  who g a v e  v e r b a l  c o n s e n t  to  p a r t i c i p a t e  i n  
t h e  s t u d y  was a s k e d  to  s i g n  a  s t a n d a r d  fo rm  ( a p p e n d ix  2) a t t e s t i n g  t o
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h i s  in fo rm e d  c o n s e n t  to  p a r t i c i p a t e  i n  t h e  s t u d y .
3 .  In  t h o s e  c a s e s  w h e re  i t  was p o t e n t i a l l y  n e c e s s a r y  to  
o b t a i n  h e a l t h  o r  h o s p i t a l  r e c o r d s  f ro m  p r i v a t e  p r a c t i t i o n e r s  o r  h o s ­
p i t a l s ,  t h e  s u b j e c t  was a s k e d  to  s i g n  a  s t a n d a r d  i n f o r m a t i o n  r e l e a s e  
fo rm  ( a p p e n d i x  3) a u t h o r i z i n g  t h e  r e s e a r c h e r  t o  o b t a i n  t h o s e  r e c o r d s .
4 .  T e s t i n g  o f  t h e  c o n s e n t i n g  s u b j e c t s  g e n e r a l l y  t o o k  p l a c e  
i m m e d ia t e ly  a f t e r  s i g n i n g  o f  t h e  c o n s e n t  f o r m s ,  u n l e s s  i n s t i t u t i o n a l  
s e c u r i t y  c o n c e r n s  d i c t a t e d  o t h e r w i s e .
5 .  E ach  s u b j e c t  was a s s i g n e d  a  c o d e  number t h a t  was w r i t t e n  
on t h e  f a c e  o f  t h e  t e s t  p r o t o c o l  and p l a c e d  on  t h e  m a s t e r  l i s t  m a in ­
t a i n e d  i n  t h e  O f f i c e  o f  H e a l t h c a r e ,  D e p a r tm e n t  o f  C o r r e c t i o n s ,  and 
t h e  s u b j e c t ' s  name and  i d e n t i f i c a t i o n  number w e re  t h e n  rem oved  from  
t h e  t e s t  p r o t o c o l .
6 .  A l l  t e s t  r e s p o n s e s  and s c o r i n g  w e re  r e c o r d e d  on s t a n d a r d  
t e s t  fo rm s  w h e re  a p p l i c a b l e .
7 .  A l l  t e s t  p r o t o c o l s  w ere  s c o r e d  b l i n d .  T h a t  i s ,  t h e  i d e n ­
t i t y  o f  t h e  s u b j e c t  was unknown to  t h e  s c o r e r  a t  t h e  t im e  t h e  t e s t s  
w e re  s c o r e d .
I n s t r u m e n t a t i o n
For t h e  p r e s e n t  s t u d y ,  two w i d e l y  u s e d ,  b r i e f  p s y c h o l o g i c a l  
t e s t s ,  t h e  B en d e r  G e s t a l t  T e s t  and t h e  Symbol D i g i t  M o d a l i t i e s  T e s t ,  
w e re  a d m i n i s t e r e d  to  a l l  s t u d y  s u b j e c t s .
The B en d e r  G e s t a l t  T e s t  
The B ender  G e s t a l t  T e s t  (B e n d e r ,  1938) c o n s i s t s  o f  a  s e r i e s  
o f  n i n e  d i f f e r e n t  d e s i g n s  s e l e c t e d  by B ender  from  t h o s e  d e v e l o p e d  by 
W e r th e im e r  ( c i t e d  in  B e n d e r ,  1938) i n  h i s  s t u d i e s  o f  v i s u a l  p e r c e p t i o n .
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In  i t s  p r e s e n t  fo rm ,  e a c h  o f  t h e  d e s i g n s  ( a p p e n d ix  4)  i s  p r i n t e d  on a  
4 X 6  i n c h  c a r d .  The d e s i g n  c a r d s  a r e  p r e s e n t e d  to  t h e  s u b j e c t  o n e  
a t  a t im e  i n  a s p e c i f i e d  o r d e r  w i t h  i n s t r u c t i o n s  to  " d ra w  w h a t  you  s e e  
on t h e  c a r d . "  B ender  (1 9 3 8 )  h a s  i d e n t i f i e d  c e r t a i n  d r a w i n g  c h a r a c t e r ­
i s t i c s  w h ic h  sh e  fo u n d  to  b e  a s s o c i a t e d  w i t h  a p h a s i a  and  c e r t a i n  o t h e r  
p s y c h o l o g i c a l  c o n d i t i o n s .
A l th o u g h  B ender  d i d  n o t  a t t e m p t  t o  s c o r e  d r a w i n g s  o f  h e r  t e s t  
f i g u r e s  q u a n t i t a t i v e l y ,  o t h e r s ,  a s  n o t e d  i n  c h a p t e r  I I  ( p .  26) h a v e  
done  s o .  V i r t u a l l y  a l l  o f  t h e  s c o r i n g  s y s t e m s  d e v e lo p e d  i n v o l v e  
a s s i g n m e n t  o f  n u m e r i c a l  w e i g h t s  t o  v a r i o u s  d ra w in g  c h a r a c t e r i s t i c s  
su ch  a s  p o s i t i o n ,  r o t a t i o n s ,  p e r s e v e r a t i o n ,  l o s s  o f  c l o s u r e ,  d i s t o r ­
t i o n  o f  a n g l e s ,  and t h e  l i k e .  E x a m in a t io n  o f  t h e  m ore  p r o m i n e n t  and 
more f r e q u e n t l y  u se d  o f  t h e s e  m e th o d s  r e v e a l s  t h a t  t h e  p r i m a r y  d i f f e r ­
e n c e s  b e tw e e n  m ost  o f  them  l i e s  i n  t h e  number o f  s i g n s  u s e d  and  t h e  
w e i g h t s  a s s i g n e d  to  them . I n  m o s t  c a s e s ,  an  optimum o r  " b e s t "  c u t ­
o f f  s c o r e ,  a b o v e  o r  b e low  w h ic h  some d e g r e e  o f  n e u r o l o g i c a l  d i s o r d e r  
i s  i n d i c a t e d ,  i s  p r o v id e d  by t h e  a u t h o r  o f  t h e  s c o r i n g  s y s t e m .
The H a in  S c o r i n g  S ystem  f o r  t h e  BGT
H ain  (1964)  r e p o r t e d  v a l i d a t i o n  s t u d i e s  o f  a s c o r i n g  s y s t e m  
u t i l i z i n g  f i f t e e n  s i g n s  w h ic h  w e re  a s s i g n e d  n u m e r i c a l  w e i g h t s  f ro m  
o ne  to  f o u r  d e p e n d in g  upo n  t h e  d e g r e e  t o  w h ic h  t h e  s i g n  d i s c r i m i n a t e d  
b e tw e e n  b r a i n  damaged and  n o rm a l  s u b j e c t s .  T a b le  1 s u m m a r iz e s  t h e  
f i f t e e n  s i g n s  u sed  and t h e i r  n u m e r i c a l  w e i g h t s .
When t h e  B ender  G e s t a l t  p r o t o c o l  had b een  o b t a i n e d ,  t h e  
f i g u r e s  w e re  e v a l u a t e d  a c c o r d i n g  t o  H a i n ' s  (1964)  c r i t e r i a  ( a p p e n d i x  5) 
f o r  t h e  p r e s e n c e  o f  any  o f  t h e  f i f t e e n  s i g n s  i n d i c a t i n g  t h e  p r e s e n c e
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o f  p o s s i b l e  n e u r o l o g i c a l  d y s f u n c t i o n  i n  t h e  s u b j e c t .  The p r o t o c o l  
s c o r e  i n  e a c h  c a s e  was t h e  sum o f  t h e  w e ig h te d  s c o r e s  f o r  a l l  s i g n s  
a p p e a r i n g  i n  t h e  d r a w in g s  o f  t h e  t e s t  f i g u r e s .
TABLE 1
HAIN SCORING SYSTEM SIGNS 
AND WEIGHTS FOR THE BGT
S ig n W eig h t
1. P e r s e v e r a t i o n 4
2. R o t a t i o n  and  r e v e r s a l 4
3. C o n c r e t i s m 4
4 . Added a n g l e s 4
5. U n i t  l i n e  s e p a r a t i o n 3
6. D e s ig n  o v e r l a p 3
7. D i s t o r t i o n 3
8. E m b e l l i s h m e n t s 2
9. P a r t i a l  r o t a t i o n s
10. O m is s io n s 1
11. A b b r e v i a t i o n  o f  d e s i g n s  1 and 2 1
12 . S e p a r a t i o n  o f  e l e m e n t s 1
13 . A b sen ce  o f  e r a s u r e s 1
14 . C l o s u r e  l o s s 1
15 . F i g u r e  A p o i n t  o f  c o n t a c t 1
An optim um  c u t - o f f  s c o r e  o f  e i g h t ,  e s t a b l i s h e d  by H a in  ( 1 9 6 4 ) ,  
was u sed  i n  a r r i v i n g  a t  t h e  d e c i s i o n  r e g a r d i n g  p r e s e n c e  o r  a b s e n c e  o f  
p o s s i b l e  b r a i n  damage i n  t h e  s t u d y  s u b j e c t s .  A t t a i n m e n t  o f  a  s c o r e  
o f  e i g h t  o r  l e s s  d id  n o t  r u l e  o u t  t h e  p o s s i b i l i t y  o f  b r a i n  d a m a g e , 
b u t  su ch  s c o r e s  w ere  n o t  v ie w e d  a s  i n d i c a t i v e  o f  s i g n i f i c a n t  b r a i n  
p a t h o l o g y .  C o n v e r s e l y ,  a t t a i n m e n t  o f  a  s c o r e  o f  n i n e  o r  m ore  w a s  
t a k e n  a s  i n d i c a t i v e  o n l y  o f  t h e  p o s s i b i l i t y  t h a t  s i g n i f i c a n t  n e u r o l o g ­
i c a l  d y s f u n c t i o n  was p r e s e n t .
H a in  (1964) r e p o r t e d  a n  i n t e r s c o r e r  r e l i a b i l i t y  c o e f f i c i e n t  o f  
.91  b e tw e e n  h i m s e l f  and a n  i n d e p e n d e n t  s c o r e r  f o r  a  sa m p le  o f  f o r t y -  
f i v e  c o m p l e t e  p r o t o c o l s  f o r  b o t h  t h e  o r i g i n a l  v a l i d a t i o n  and t h e  c r o s s
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
40
v a l i d a t i o n  p h a s e s  o f  h i s  s t u d y .  O t h e r ,  more r e c e n t  i n v e s t i g a t i o n s  
r e p o r t i n g  c o r r e c t  d i a g n o s i s  p e r c e n t a g e s  a s  o p p o se d  to  r e l i a b i l i t y  
c o e f f i c i e n t s  have  r e p o r t e d  s u c c e s s f u l  d i a g n o s i s  r a t e s  r a n g i n g  f ro m  
5 5 -8 8  p e r c e n t  ( L a c k s ,  1979, p .  3 0 ) .
The Symbol D i g i t  M o d a l i t i e s  T e s t
The SDMT (S m i th ,  1973) w as s p e c i f i c a l l y  d e s i g n e d  a s  a  b r i e f  
n e u r o p s y c h o l o g i c a l  t e s t  to  b e  u s e d  i n  s c r e e n i n g  and  e v a l u a t i n g  b o t h  
c h i l d r e n  an d  a d u l t s  s u s p e c t e d  o f  b e i n g  b r a i n —dam aged o r  l e a r n i n g -  
d i s a b l e d .  The t e s t  ( a p p e n d ix  7 )  c o n s i s t s  o f  a s e r i e s  o f  n i n e  a b s t r a c t  
s y m b o l s ,  e a c h  o f  w h ic h  h as  b e e n  p a i r e d  w i t h  a  number f ro m  o n e  t o  n i n e .  
A t t h e  to p  o f  t h e  t e s t  s h e e t ,  a  k e y  i s  p r e s e n t e d  i n  w h ic h  t h e  sy m b o ls  
and a p p r o p r i a t e  num bers  a r e  sh o w n . F o r  t h e  t e s t ,  t h e  s y m b o ls  a r e  p r e ­
s e n t e d  i n  a  random  a r r a n g e m e n t  w i t h o u t  t h e  n u m b e r s .  The s u b j e c t  i s  
a s k e d  t o  m a tc h  e a c h  symbol w i t h  t h e  a p p r o p r i a t e  number i n  two s e p a r a t e  
(o n e  w r i t t e n  and o n e  o r a l )  t e s t  r u n s ,  e a c h  o f  w h ic h  i s  t im e d  f o r  90 
s e c o n d s .  The s u b j e c t ' s  s c o r e  i s  t h e  t o t a l  num ber o f  c o r r e c t  r e s p o n s e s  
f o r  e a c h  t e s t ,  and n e u r o l o g i c a l  d y s f u n c t i o n  i s  i n d i c a t e d  i f  t h e  s c o r e  
i s  1 .5  s t a n d a r d  d e v i a t i o n  u n i t s  o r  m ore  b e lo w  t h e  norm s f o r  e i t h e r  o f  
t h e  t e s t  r u n s .
I n t e r p r e t a t i o n  o f  raw  s c o r e s  i s  b a s e d  on a c o m p a r i s o n  o f  t h e  
o b t a i n e d  s c o r e s  t o  norms f o r  b o t h  c h i l d r e n  ( a g e  8 -1 7 )  and  a d u l t s  ( a g e  
1 8 + ) ,  w h i c h e v e r  i s  a p p r o p r i a t e .  The no rm s  a r e  s t a t e d  i n  s t a n d a r d  d e v i ­
a t i o n  u n i t s  a d j u s t e d  f o r  a g e ,  e d u c a t i o n a l  l e v e l ,  and i n  t h e  c a s e  o f  
c h i l d r e n ,  s e x .  The c u t - o f f  s c o r e  f o r  c h i l d r e n  i s  1 .0  o r  m ore  s t a n d a r d -  
d e v i a t i o n  u n i t s  b e lo w  th e  norm f o r  t h e  s u b j e c t ' s  a g e  and s e x .  The 
s c o r e s  o b t a i n e d  w e re  r e c o r d e d  a s  r a t i o s  o f  t h e  number o f  c o r r e c t
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r e s p o n s e s  a c h i e v e d  to  t h e  t o t a l  n um ber a t t e m p t e d ,  t h u s ,  t h e  s c o r e s  
p r o v i d e d  an a s s e s s m e n t  o f  t h e  s u b j e c t ' s  s p e e d  and a c c u r a c y  i n  c o m p l e t ­
in g  t h e  t e s t .
The SDMT m an u a l  d e l i n e a t e s  t h r e e  s c o r i n g  p a t t e r n s  t o  b e  n o te d  
i n  t h e  i n t e r p r e t a t i o n  o f  c h i l d r e n ' s  p r o t o c o l s  t h a t  a r e  s u g g e s t i v e  o f  
m o d a l i t y - s p e c i f i c  n e u r o l o g i c a l  d e f i c i t s :  (1) su b n o rm a l  w r i t t e n  and
n o r m a l  o r a l  s c o r e s ,  (2) su b n o rm a l  o r a l  an d  n o rm a l  w r i t t e n  s c o r e s ,  and 
(3 )  su b n o rm a l  s c o r e s  on b o t h  t h e  o r a l  and  w r i t t e n  t e s t .  I n  p a t t e r n s  
o n e  and tw o, w h i l e  some d e f i c i t  may b e  i n d i c a t e d  i n  t h e  c o m m u n ic a t io n s  
mode w here  t h e  s u b n o rm a l  s c o r e  was o b t a i n e d ,  n e u r o l o g i c a l  d y s f u n c t i o n  
p e r  s e  may n o t  be  i n d i c a t e d .  On t h e  o t h e r  h a n d ,  when b o t h  t h e  w r i t t e n  
and  o r a l  s c o r e s  a r e  s i g n i f i c a n t l y  d e p r e s s e d ,  th e  p o s s i b i l i t y  o f  b r a i n  
dam age and t h e  a d v i s a b i l i t y  o f  a  m o re  d e t a i l e d  n e u r o l o g i c a l  e x a m in a ­
t i o n  a r e  i n d i c a t e d .
When a d u l t  p r o t o c o l s  a r e  b e i n g  e v a l u a t e d ,  t h r e e  l e v e l s  o f  s u b ­
n o rm a l  t e s t  p e r f o r m a n c e  a r e  d e s i g n a t e d  by  t h e  m anual  : (1 )  low  s c o r e s —  
t h o s e  f a l l i n g  a t  o r  n e a r  1 .0  s t a n d a r d  d e v i a t i o n  u n i t s  b e lo w  t h e  norm , 
(2)  m o d e r a t e l y  low s c o r e s — t h o s e  f a l l i n g  b e tw een  1 .5  and  2 . 0  s t a n d a r d  
d e v i a t i o n  u n i t s  b e lo w  t h e  norm , and (3 )  v e r y  low s c o r e s — t h o s e  f a l l i n g  
m ore  th a n  2 . 0  s t a n d a r d - d e v i a t i o n  u n i t s  b e lo w  th e  norm . In g e n e r a l ,  
s c o r e s  f a l l i n g  more t h a n  1 .5  d e v i a t i o n  u n i t s  below  t h e  norm ( a p p e n d i x  
8) s u g g e s t  t h e  p o s s i b i l i t y  o f  s i g n i f i c a n t  c e r e b r a l  dam age and i n d i c a t e  
t h e  a d v i s a b i l i t y  o f  f u r t h e r ,  m ore  d e t a i l e d  n e u r o l o g i c a l  e x a m i n a t i o n .  
T h u s ,  w h i l e  s p e c i f i c  l o c a l i z a t i o n  o r  a s s e s s m e n t  o f  t h e  m a g n i tu d e  o f  
t h e  l e s i o n  m u s t  be l e f t  to  o t h e r  m e d i c a l  o r  n e u r o p s y c h o l o g i c a l  p r o c e ­
d u r e s ,  t h e  SDMT a p p e a r s  t o  p e r f o r m  a n  a p p r o p r i a t e  s c r e e n i n g  f u n c t i o n .
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The N u l l  H y p o th e s e s  and  D a ta  A n a ly s i s
In  c h a p t e r  I  o f  t h i s  s t u d y ,  t h e  s t a t e d  p u r p o s e  w as  t o  e v a l u a t e  
t h e  a b i l i t y  o f  t h e  B ender  G e s t a l t  and  Symbol D i g i t  M o d a l i t i e s  t e s t s  
to  i d e n t i f y  b ra in - d a m a g e d  s u b j e c t s  o r  to  d i s c r i m i n a t e  b e tw e e n  b r a i n ­
damaged and n o n - b r a in - d a m a g e d  s u b j e c t s  r e p r e s e n t i n g  a b r o a d  r a n g e  o f  
c o n d i t i o n s  and  l e v e l s  o f  s e v e r i t y .  I n  o r d e r  to  f u r t h e r  f o c u s  and 
f a c i l i t a t e  t h e  s t u d y ,  two " r e s e a r c h  h y p o t h e s e s "  w ere  p r o p o s e d .  The 
c o n c e p t u a l i z a t i o n  o f  t h e  p ro b le m  em b o d ied  i n  t h o s e  h y p o t h e s e s  p r o v i d e d  
t h e  c o n t e x t  f o r  f o r m u l a t i o n  o f  t h e  f o l l o w i n g  n u l l  h y p o t h e s e s :
1. T h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  t h e  B e n d e r  G es­
t a l t  and  Symbol D i g i t  M o d a l i t i e s  t e s t s ,  w i t h  r e s p e c t  t o  t h e  f r e q u e n c y  
o f  c o r r e c t  d i a g n o s i s  o f  t h e  p r e s e n c e  o f  b r a i n  damage.
H y p o t h e s i s  I was t e s t e d  by m eans o f  t h e  C h i - s q u a r e  a n a l y s i s  
f o r  c o r r e l a t e d  s a m p le s  ( F e r g u s o n ,  1 9 7 6 ,  p .  201) s i n c e  t h i s  s t a t i s t i c  
i s  a p p r o p r i a t e  f o r  d a t a  r e l a t i n g  t o  c a t e g o r i c a l  o r  d i c h o t o m o u s  v a r i ­
a b l e s .  In  t h i s  a n a l y s i s  t h e  two i n s t r u m e n t s  w ere com pared  i n  t e r m s  
o f  o b t a i n e d  f r e q u e n c i e s  o f  c o r r e c t  v e r s u s  i n c o r r e c t  d i a g n o s e s .
2 .  T h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  b e tw een  t h e  B e n d e r  G es­
t a l t  and  Symbol D i g i t  M o d a l i t i e s  t e s t s ,  w i t h  r e s p e c t  to  t h e  f r e q u e n c y  
o f  c o r r e c t  d i a g n o s i s  o f  t h e  a b s e n c e  o f  b r a i n  damage.
H y p o t h e s i s  2 was t e s t e d  i n  t h e  same manner a s  h y p o t h e s i s  I .
3 .  T h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  t h e  B e n d e r  G es­
t a l t  T e s t  an d  t h e  c o m b i n a t i o n  o f  t h e  B ender  G e s t a l t  and  Sym bol D i g i t  
M o d a l i t i e s  t e s t s ,  w i t h  r e s p e c t  to  t h e  f r e q u e n c y  o f  c o r r e c t  d i a g n o s i s  
o f  t h e  p r e s e n c e  o f  b r a i n  dam age .
H y p o t h e s i s  3 was t e s t e d  i n  t h e  same manner a s  was h y p o t h e s i s  2 
e x c e p t  t h a t  t h e  p r e s e n c e  o f  b r a i n  dam age was assumed when o n e  o r  b o t h
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i n s t r u m e n t s  y i e l d e d  s c o r e s  b e lo w  t h e  e s t a b l i s h e d  c u t - o f f  p o i n t s .
4 .  T h e re  i s  no s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  t h e  B e n d e r  G es­
t a l t  T e s t  and t h e  c o m b i n a t i o n  o f  t h e  B ender  G e s t a l t  and Symbol D i g i t  
M o d a l i t i e s  t e s t s ,  w i t h  r e s p e c t  to  t h e  f r e q u e n c y  o f  c o r r e c t  d i a g n o s i s  
o f  t h e  a b s e n c e  o f  b r a i n  d a m a g e .
H y p o t h e s i s  4 was t e s t e d  i n  t h e  same m a n n e r  a s  h y p o t h e s i s  3 .
5 .  T h e re  i s  no s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  t h e  Symbol 
D i g i t  M o d a l i t i e s  T e s t  an d  t h e  c o m b i n a t i o n  o f  t h e  Symbol D i g i t  M o d a l­
i t i e s  and B ender  G e s t a l t  t e s t s ,  w i t h  r e s p e c t  t o  t h e  f r e q u e n c y  o f  c o r ­
r e c t  d i a g n o s i s  o f  t h e  p r e s e n c e  o f  b r a i n  d a m a g e .
H y p o t h e s i s  5 w as t e s t e d  i n  t h e  same m a n n e r  a s  h y p o t h e s i s  3 .
6 .  T h e re  i s  no  s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  t h e  Symbol 
D i g i t  M o d a l i t i e s  T e s t  an d  t h e  c o m b i n a t i o n  o f  t h e  Symbol D i g i t  M o d a l­
i t i e s  and B ender  G e s t a l t  t e s t s ,  w i t h  r e s p e c t  t o  t h e  f r e q u e n c y  o f  c o r ­
r e c t  d i a g n o s i s  o f  t h e  a b s e n c e  o f  b r a i n  d am ag e .
H y p o t h e s i s  6 was t e s t e d  i n  t h e  same m a n n e r  a s  h y p o t h e s i s  3 .
The S t a t i s t i c a l  A n a l y s i s
A n a l y s i s  o f  t h e  raw  d a t a  o b t a i n e d  f ro m  t h e  s c o r e s  f o r  t h e  two 
t e s t  i n s t r u m e n t s  was u n d e r t a k e n  by m eans o f  t h e  C h i - s q u a r e  a n a l y s i s  
f o r  c o r r e l a t e d  d a t a .  In  s i t u a t i o n s  w here  i t  i s  d e s i r a b l e  t o  c o m p a re  
t h e  f r e q u e n c i e s  o f  some o b s e r v e d  phenom enon i n  w h ic h  a l t e r n a t i v e  o r  
d ic h o to m o u s  c o n d i t i o n s  e x i s t ,  and w h e re  t h e  s a m p le s  a r e  n o t  i n d e p e n ­
d e n t ,  a s  when two d i f f e r e n t  t e s t s  a r e  a d m i n i s t e r e d  to  t h e  same 
s u b j e c t s ,  t h e  C h i - s q u a r e  s t a t i s t i c  i s  u s e f u l .  In  t h i s  c o n t e x t .  C h i -  
s q u a r e  i s  a  d e s c r i p t i v e  m e a s u r e  o f  t h e  m a g n i t u d e  o f  t h e  d i s c r e p a n c i e s  
b e tw e e n  t h e  two s e t s  o f  o b s e r v a t i o n s .  C h i - s q u a r e  i s ,  i n  t h i s  c a s e .
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Che r a t i o  o f  t h e  s q u a r e d  d i f f e r e n c e ,  to  t h e  sum o f  c e l l  f r e q u e n c i e s  
from  th e  c o n t i n g e n c y  t a b l e ,  and  i s  r e p r e s e n t e d  by t h e  f o r m u l a :
( A - D ) 2
A+D
w here  A and  D r e p r e s e n t  t h e  f r e q u e n c i e s  f o r  t h e  c e l l s  i n  t h e  C h i -  
s q u a r e  m a t r i x  r e p r e s e n t i n g  i n t e r a c t i o n  o r  d i s a g r e e m e n t  b e tw e e n  t h e  
two c o n d i t i o n s  o f  i n t e r e s t .  I n  g e n e r a l ,  a s  t h e  m a g n i t u d e  o f  t h e  d i s ­
c r e p a n c i e s  i n c r e a s e s ,  so a l s o  d o e s  t h e  m a g n i tu d e  o f  t h e  C h i - s q u a r e  
v a l u e .  E v a l u a t i o n  o f  t h e  s i g n i f i c a n c e  o f  t h e  c a l c u l a t e d  C h i - s q u a r e  
v a l u e  i s  d e p e n d e n t ,  among o t h e r  t h i n g s ,  upon sa m p le  s i z e  and t h e  num­
b e r  o f  d e g r e e s  o f  f r e e d o m ,  w h ic h  a r e  i n  t u r n  r e l a t e d  t o  t h e  number o f  
c e l l s  i n  t h e  c o n t i n g e n c y  t a b l e  o r  m a t r i x  and t h e  a  p r i o r i  s i g n i f i c a n c e  
c r i t e r i o n  (a  v a l u e ) .  The s i g n i f i c a n c e  c r i t e r i o n  was a  = .0 5  w i t h  o n e  
d e g r e e  o f  f r e d o m  f o r  e a c h  s t a t i s t i c a l  t e s t .  I n  t h e  p r e s e n t  a n a l y s i s  
s i g n i f i c a n c e  o f  t h e  c a l c u l a t e d  C h i - s q u a r e  v a l u e  was d e t e r m i n e d  by 
c o m p a r in g  i t  w i t h  t h e  c r i t i c a l  v a l u e  f o r  t h e  s t a t i s t i c  a t  t h e  e s t a b ­
l i s h e d  s i g n i f i c a n c e  c r i t e r i o n .  T h i s  c r i t i c a l  v a l u e  w as o b t a i n e d  from  
t a b l e s  p u b l i s h e d  i n  F e r g u s o n  ( 1 9 7 6 ,  p .  4 8 8 ) .
In  t h e  p r e s e n t  s t u d y ,  t h e  c r i t e r i o n  v a r i a b l e  ( n e u r o l o g i s t s '  
d i a g n o s i s )  w as d ic h o to m o u s .  M o r e o v e r ,  t h e  n u m e r i c a l  d a t a  f o r  t h e  
d e p e n d e n t  v a r i a b l e s ,  w e re  o b t a i n e d  by  a d m i n i s t e r i n g  two m e a s u r e s  to  
b o th  t h e  b r a i n - d a m a g e d  and n o n - b r a i n - d a m a g e d  g r o u p s .  H e n c e ,  t h e  
p r e s e n t  s t u d y  i n v o l v e d  c o m p a r i s o n  o f  d e p e n d e n t  o r  c o r r e l a t e d  s a m p l e s .
M e t h o d o l o g i c a l  L i m i t a t i o n s  
C e r t a i n  o f  t h e  a  p r i o r i  a s s u m p t i o n s  p r e s e n t e d  i n  c h a p t e r  I o f  
t h i s  s t u d y  f o c u s e d  upon  m e t h o d o l o g i c a l  p r o b le m s  i n h e r e n t  t o  t h e  d e s i g n  
em ployed and  r e p r e s e n t  an a t t e m p t  t o  e s t a b l i s h  p a r a m e t e r s  f o r  l o g i c a l
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i n t e r p r e t a t i o n  o f  t h e  f i n d i n g s  o b t a i n e d .  Among t h e  s p e c i f i c  p r o b le m s  
a d d r e s s e d  by t h o s e  a s s u m p t i o n s  was t h a t  o f  d e s i g n a t i o n  o f  t h e  c r i t e ­
r i o n  m e a s u r e .  The c r i t e r i o n  a d o p te d  was t h e  d i a g n o s i s  r e c o r d e d  by t h e  
e x a m in in g  p h y s i c i a n .  As i s  t h e  c a s e  i n  any  e n d e a v o r  i n v o l v i n g  human 
o b s e r v a t i o n s ,  t h e s e  d i a g n o s e s  by t h e i r  n a t u r e ,  a r e  s u b j e c t  t o  some 
d e g r e e  o f  e r r o r .  As o f t e n  a s  n o t ,  i n  t h e  p r e s e n t  s t u d y ,  t h e s e  d i a g ­
n o s e s  w e re  b a s e d  upon  t h e  p h y s i c i a n ' s  n e u r o l o g i c a l  e x a m i n a t i o n ,  p h y s ­
i c a l  f i n d i n g s ,  and  h i s t o r y ,  w i t h  no c o r r o b o r a t i n g  n e u r o p s y c h o l o g i c a l  
t e s t  d a t a  r e c o r d e d ,  a n d  o f t e n  no m ore t h a n  an  EEC r e p o r t  i n d i c a t i n g  
q u e s t i o n a b l e  f i n d i n g s .
G iv e n  t h e  i n h e r e n t  i m p e r f e c t i o n  o f  s u c h  o b s e r v a t i o n s ,  t h e y  
n e v e r t h e l e s s  may be v ie w e d  a s  an a c c e p t a b l e  s t a n d a r d  a g a i n s t  w h ic h  
t h e  p e r f o r m a n c e  o f  t h e  two t e s t s  c o u ld  b e  e v a l u a t e d .  To w h a t e v e r  
e x t e n t  t h e  p h y s i c i a n ' s  d i a g n o s i s  e r r e d ,  t h a t  e r r o r  was t r a n s m i t t e d  to  
t h e  d a t a  o b t a i n e d  i n  t h e  p r e s e n t  s t u d y .
Y e t  a n o t h e r  l i m i t i n g  a s p e c t  t o  t h e  p r e s e n t  m e th o d o lo g y  r e l a t e s  
to  t h e  i s s u e  o f  s a m p l in g  p r o c e d u r e .  In  g e n e r a l ,  u n l e s s  c e r t a i n  c o n d i ­
t i o n s  r e l a t i n g  t o  s a m p le  s i z e  and s u b j e c t  s e l e c t i o n  h av e  b e e n  m e t ,  
t h e  o b t a i n e d  d a t a  may n o t  be  r e a d i l y  g e n e r a l i z e d  beyond t h e  s a m p le  
i t s e l f  w i t h  a n y  d e g r e e  o f  c o n f i d e n c e ,  and in  some c a s e s  may b e  u n i n ­
t e r p r e t a b l e .  In  t h e  p r e s e n t  s t u d y ,  random  s a m p l in g  was n o t  p o s s i b l e .  
Two o b s e r v a t i o n s  r e g a r d i n g  t h e  n a t u r e  o f  t h e  s a m p le  and p o p u l a t i o n  
seem a p p r o p r i a t e  a t  t h i s  p o i n t .  F i r s t ,  t h e  p o p u l a t i o n  o f  i n m a t e s  
r e f e r r e d  by m e d i c a l  s t a f f  t o  t h e  n e u r o l o g y  c l i n i c  f o r  e v a l u a t i o n  and 
d i a g n o s i s  w as r e l a t i v e l y  s m a l l  ( a p p r o x i m a t e l y  3 0 0 ) ,  and a l a r g e  p r o ­
p o r t i o n  o f  t h e s e  men w e re  e i t h e r  u n a v a i l a b l e  to  t h e  r e s e a r c h e r  o r  w e re  
o t h e r w i s e  i n a p p r o p r i a t e  f o r  I n c l u s i o n  i n  th e  s t u d y  sam p le  b e c a u s e  t h e
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r e f e r r i n g  p ro b le m  d i d  n o t  m eet  t h e  s e l e c t i o n  c r i t e r i a  o f  i n t r a c r a n i a l  
l e s i o n  o r  t r a u m a  an d  a b s e n c e  o f  r e c e n t  p s y c h i a t r i c  p r o b l e m s .  T h u s ,  
t h o s e  i n d i v i d u a l s  s e l e c t e d  f o r  t h e  s t u d y  w ere  t h o s e  i n m a t e s  w hose  
r e f e r r i n g  p r o b le m s  w e r e ,  o r  a p p e a r e d  to  b e ,  c e n t r a l  n e r v o u s  s y s te m  
d i s o r d e r s .  More i m p o r t a n t l y ,  t h e  o n ly  r e s i d e n t s  who c o u l d  b e  u s e d  
w e re  t h o s e  who w e re  w i l l i n g  t o  v o l u n t e e r  and w e r e  a b l e  t o  g i v e  
in fo rm e d  c o n s e n t .
S e c o n d ly ,  t h e  c h a r a c t e r i s t i c s  o f  t h e  s t u d y  s a m p le  w e re  n o t  
t h e  f o c u s  o f  p r i m a r y  i n t e r e s t  i n  t h e  p r e s e n t  r e s e a r c h .  R a t h e r ,  t h e  
e v a l u a t i o n  o f  t h e  a b i l i t y  o f  t h e  B e n d e r  G e s t a l t  and  Symbol D i g i t  
M o d a l i t i e s  t e s t s  t o  d i s c r i m i n a t e  b e tw e e n  b r a in - d a m a g e d  and  n o r m a l  o r  
n o n - b r a in - d a m a g e d  s u b j e c t s  was t h e  p r im a r y  t h r u s t  o f  t h e  s t u d y .
T h u s ,  w h i l e  t h e  s u b j e c t s  s e l e c t e d  w e re  r e q u i r e d  t o  p o s s e s s  t h e  common 
c h a r a c t e r i s t i c  o f  a  n e u r o l o g y  c l i n i c  r e f e r r a l  and  d i a g n o s i s ,  g e n e r a l ­
i z a t i o n  o f  t h e  r e s u l t s  was a im ed  to w a rd  an  a p p l i e d  s i t u a t i o n  and o n ly  
s e c o n d a r i l y  to w a rd  a  p a r t i c u l a r  p o p u l a t i o n .  T h a t  i s  t o  s a y ,  i f  e i t h e r  
o r  b o th  t e s t s  s u c c e s s f u l l y  d i s c r i m i n a t e d  b e tw e e n  n o rm a l  and  b r a i n ­
damaged s u b j e c t s  i n  t h e  p r e s e n t  s t u d y ,  th e y  c o u l d  r e a s o n a b l y  be 
e x p e c t e d  to  p e r f o r m  in  a  s i m i l a r  m an n er  i n  any  o t h e r  s c r e e n i n g  a p p l i ­
c a t i o n  r e g a r d l e s s  o f  t h e  s p e c i f i c  l o c a t i o n  o r  c h a r a c t e r i s t i c s  o f  th e  
p o p u l a t i o n .
Summary
C h a p t e r  I I I  h a s  b e e n  a p r e s e n t a t i o n  o f  t h e  r e s e a r c h  m e th o d ­
o lo g y  em ployed  in  t h e  p r e s e n t  s t u d y .  A d e s c r i p t i o n  o f  t h e  r e s e a r c h  
d e s i g n  was f o l l o w e d  by a  d i s c u s s i o n  o f  t h e  s u b j e c t  s e l e c t i o n  p r o c e s s ,  
i n s t r u m e n t a t i o n ,  d a t a  c o l l e c t i o n  p r o c e d u r e s ,  h y p o t h e s e s  and
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s t a t i s t i c a l  a n a l y s i s .  F i n a l l y ,  a  d i s c u s s i o n  o f  two m e t h o d o l o g i c a l  
l i m i t a t i o n s  i n h e r e n t  t o  t h e  p r e s e n t  s t u d y ,  was p r e s e n t e d .
C h a p te r  IV p r e s e n t s  i n  d e t a i l ,  t h e  d a t a  a n a l y s i s  a n d  f i n d i n g s  
o f  t h e  p r e s e n t  s t u d y .
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PRESENTATION OF THE FINDINGS
O v e rv ie w
T h i s  c h a p t e r  p r e s e n t s  t h e  f i n d i n g s  r e l a t i n g  t o  t h e  h y p o t h e s e s  
s t a t e d  i n  c h a p t e r  I I I .  T h e  d a t a  a r e  p r e s e n t e d  i n  s i x  s e c t i o n s ,  e a c h  
d e a l i n g  w i t h  one  o f  t h e  n u l l  h y p o t h e s e s  t e s t e d .  E ach  s e c t i o n  i n c l u d e s  
a r e v i e w  o f  t h e  h y p o t h e s i s — i n  w h ic h  t h e  n u l l  h y p o t h e s i s  a n d  i t s  a s s o c ­
i a t e d  r e s e a r c h  h y p o t h e s i s  o r  q u e s t i o n  a r e  r e s t a t e d ,  a  p r e s e n t a t i o n  o f  
t h e  r e s u l t s  o b t a i n e d  f r o m  t h e  s t a t i s t i c a l  a n a l y s i s ,  a n d  a  b r i e f  d i s ­
c u s s i o n  o f  t h e  s i g n i f i c a n c e  o f  t h e  r e s u l t s .
N u l l  H y p o t h e s i s  1 
R e v ie w  o f  t h e  H y p o t h e s i s
N u l l  h y p o t h e s i s  1 s t a t e d  t h a t  t h e r e  i s  no s i g n i f i c a n t  d i f f e r ­
e n c e  b e tw e e n  t h e  B ender  G e s t a l t  and Symbol D i g i t  M o d a l i t i e s  t e s t s ,  i n  
t e r m s  o f  t h e  f r e q u e n c y  o f  c o r r e c t  d i a g n o s i s  o f  t h e  p r e s e n c e  o f  b r a i n  
d am ag e .  The a s s o c i a t e d  r e s e a r c h  h y p o t h e s i s  ( c h a p t e r  I ,  p .  7) p r o p o s e d  
t h a t  th e  Symbol D i g i t  M o d a l i t i e s  T e s t  w ould  d i s c r i m i n a t e  s i g n i f i c a n t l y  
b e t t e r  t h a n  t h e  Bender G e s t a l t  T e s t  b e tw e e n  b r a  in -d a m a g e d  an d  n o r m a l  
s u b j e c t s .
R e s u l t s
D a ta  p e r t a i n i n g  t o  n u l l  h y p o t h e s i s  I a r e  p r e s e n t e d  i n  t a b l e  2 .  
The d a t a  a r e  t h e  a p p r o p r i a t e  f r e q u e n c i e s  a r r a n g e d  in  a  2 X 2
-.8
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c o n t i n g e n c y  t a b l e  s i m i l a r  t o  t h a t  u s e d  t o  c a l c u l a t e  t h e  C h i - s q u a r e  
v a l u e  f o r  t h e  t e s t  o f  n u l l  h y p o t h e s i s  1.
TABLE 2
DATA FOR THE CHI SQUARE ANALYSIS OF THE 
BGT AND SDMT SCORES OF BRAIN-DAMAGED 
SUBJECTS
SDMT
o
a)
I n c o r r e c t C o r r e c t T o t a l
c 3 12 15
I n c 4 16 20
T o t 7 28 35
The o b t a i n e d  C h i - s q u a r e  f o r  t h e  d a t a  i s  8 . 8 9 ,  w i t h  p = .0 0 3 .  
N u l l  h y p o t h e s i s  I w as  r e j e c t e d  a t  t h e  r e q u i r e d  l e v e l  o f  s i g n i f i c a n c e .
D i s c u s s i o n
The d a t a  p r e s e n t e d  i n  t a b l e  2 c l e a r l y  show t h a t  t h e  f r e q u e n c y  
o f  c o r r e c t  d i a g n o s e s  o f  t h e  p r e s e n c e  o f  b r a i n  damage i n  t h e  s a m p le  
s u b j e c t s  a c h i e v e d  by  t h e  Symbol D i g i t  M o d a l i t i e s  T e s t ,  and t h a t  
a c h i e v e d  by t h e  B ender  G e s t a l t  T e s t  d i f f e r  s i g n i f i c a n t l y .  T h i s  f i n d ­
in g  p a r t i a l l y  s u p p o r t s  r e s e a r c h  h y p o t h e s i s  1 ( c h a p t e r  I ,  p .  7) w h ic h  
p r o p o s e d  t h a t  t h e  SDMT w ou ld  d i s c r i m i n a t e  t h e  p r e s e n c e  o r  a b s e n c e  o f  
b r a i n  dam age i n  t h e  s a m p le  s u b j e c t s  s i g n i f i c a n t l y  b e t t e r  t h a n  t h e  BGT. 
I n d e e d ,  t h e  SDMT d i s c r i m i n a t e d  t h e  p r e s e n c e  o f  b r a i n  dam age i n  t h e  
s a m p le  s u b j e c t s  m ore  f r e q u e n t l y  t h a n  t h e  BGT by a f a c t o r  o f  n e a r l y  
2 t o  1.
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N u l l  H y p o t h e s i s  2 
R ev iew  o f  t h e  H y p o t h e s i s  
N u l l  h y p o t h e s i s  2 s t a t e d  t h a t  t h e r e  i s  no s i g n i f i c a n t  d i f f e r ­
e n c e  b e tw e e n  t h e  Bender G e s t a l t  and  Symbol D i g i t  M o d a l i t i e s  t e s t s ,  i n  
t e r m s  o f  t h e  f r e q u e n c y  o f  c o r r e c t  d i a g n o s i s  o f  t h e  a b s e n c e  o f  b r a i n  
d am ag e .  T h i s  h y p o t h e s i s  i s  e s s e n t i a l l y  t h e  r e v e r s e  o f  n u l l  h y p o t h e s i s  
1 and r e p r e s e n t s  t h e  se c o n d  t e s t  r e l a t e d  t o  r e s e a r c h  h y p o t h e s i s  1 .
R e s u l t s
The d a t a  p e r t a i n i n g  t o  t h e  t e s t  o f  n u l l  h y p o t h e s i s  2 a r e  p r e ­
s e n t e d  i n  t a b l e  3 .  A g a in ,  t h e s e  d a t a  a r e  c e l l  f r e q u e n c i e s  o b t a i n e d  
f rom  t h e  c o n t i n g e n c y  t a b l e  a n a l y s i s  u se d  to  co m p u te  t h e  C h i - s q u a r e  
v a l u e  f o r  t h e  c o m p a r i s o n  o f  t h e  two t e s t s  u n d e r  t h e  n u l l  h y p o t h e s i s .
TABLE 3
DATA FOR THE CHI SQUARE ANALYSIS OF THE 
BGT AND SDMT SCORES OF NON-BRAIN- 
DAMAGED SUBJECTS
SDMT
I n c o r r e c t C o r r e c t T o t a l
c 23 34 57
Inc 8 0 8
Tot r 31 34 65
The o b t a i n e d  C h i - s q u a r e  i s  2 3 . 0  w i t h  p < .0 0 0 5 .  T h i s  v a l u e  
was fo u n d  to  b e  s i g n i f i c a n t  a t  t h e  r e q u i r e d  l e v e l ,  and n u l l  h y p o t h e s i s  
2 was t h e r e f o r e  r e j e c t e d .
D i s c u s s i o n
I n  g e n e r a l ,  when t h e  n u l l  h y p o t h e s i s  i s  r e j e c t e d ,  t h e  c o r r e ­
s p o n d in g  r e s e a r c h  h y p o t h e s i s  m u s t  be  s u p p o r t e d .  H ow ever,  i n s p e c t i o n
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o f  t h e  d a t a  i n  t a b l e  3 r e v e a l s  t h a t  t h i s  d i d  n o t  i n  f a c t  o c c u r .  The 
d a t a  show t h a t  t h e  BGT a g r e e d  w i t h  t h e  c r i t e r i o n ,  t h u s  c o r r e c t l y  i d e n ­
t i f y i n g  s u b j e c t s  w i t h o u t  b r a i n  dam age i n  57 o f  65 c a s e s  f o r  a t r u e  
n e g a t i v e  h i t  r a t e  o f  8 7 .7  p e r c e n t .  A g a i n s t  t h e  same c r i t e r i o n ,  t h e  
SDMT c o r r e c t l y  i d e n t i f i e d  o n l y  34 o f  65 c a s e s  f o r  a  t r u e  n e g a t i v e  h i t  
r a t e  o f  4 6 .2  p e r c e n t .  M o re o v e r ,  i n  e v e r y  c a s e  w h e re  t h e  SDMT c o r ­
r e c t l y  d ia g n o s e d  t h e  a b s e n c e  o f  b r a i n  d a m a g e ,  i t  was i n  a g r e e m e n t  w i t h  
t h e  BGT. T h u s ,  i t  i s  c l e a r  t h a t  t h e  BGT w as  t h e  m ore  s e n s i t i v e  o f  
t h e  two t e s t s  to  t h e  a b s e n c e  o f  b r a i n  dam age  i n  t h e  sam p le  s u b j e c t s ,  
a  c o n d i t i o n  w h ic h  c o n t r a d i c t s  r e s e a r c h  h y p o t h e s i s  1 i n  s p i t e  o f  t h e  
s t a t i s t i c a l  s i g n i f i c a n c e  o b t a i n e d .
T h e se  f i n d i n g s  a r e  e s s e n t i a l l y  t h e  c o n v e r s e  o f  t h o s e  r e p o r t e d  
f o r  n u l l  h y p o t h e s i s  1 , and s u g g e s t  t h a t  t h e  d e g r e e  o f  o v e r l a p  b e tw e e n  
t h e  two t e s t s  may n o t  be a s  g r e a t  a s  was o r i g i n a l l y  a n t i c i p a t e d .
N u l l  H y p o t h e s i s  3 
Review  o f  t h e  H y p o t h e s i s
N u l l  h y p o t h e s i s  3 s t a t e d  t h a t  t h e r e  i s  no s i g n i f i c a n t  d i f f e r ­
e n c e  b e tw een  t h e  B en d e r  G e s t a l t  T e s t  and t h e  c o m b i n a t i o n  o f  t h e  B e n d e r  
G e s t a l t  and Symbol D i g i t  M o d a l i t i e s  T e s t ,  w i t h  r e s p e c t  t o  t h e  f r e ­
q u e n c y  o f  c o r r e c t  d i a g n o s i s  o f  t h e  p r e s e n c e  o f  b r a i n  d am ag e .  T h i s  
h y p o t h e s i s  r e l a t e s  t o  r e s e a r c h  h y p o t h e s i s  2 ( c h a p t e r  I ,  p .  7 )  an d  
a d d r e s s e s  t h e  q u e s t i o n  o f  w h e th e r  o r  n o t  c o m b in in g  t h e  two t e s t s  a s  a 
s c r e e n i n g  b a t t e r y  w i l l  p r o d u c e  a  h i g h e r  p r o p o r t i o n  o f  t r u e  p o s i t i v e  
o r  n e g a t i v e  d i a g n o s e s  t h a n  w ould  be  r e a l i z e d  by t h e  u s e  o f  t h e  B en d e r  
G e s t a l t  T e s t  a l o n e .
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R e s u l t s
The d a t a  p e r t a i n i n g  to  t h e  t e s t  o f  n u l l  h y p o t h e s i s  3 a r e  p r e ­
s e n t e d  i n  t a b l e  U.
TABLE 4
DATA FOR THE CHI SQUARE ANALYSIS FOR THE 
COMPARISON OF THE BGT AND BGT-KSDMT 
FOR BRAIN-DAMAGED SUBJECTS
BGT+SDKT
I n c o r r e c t C o r r e c t T o t a l
c 0 15 15
o  In c 4 16 20
T o t 4 31 35
From t h e  d a t a  i n  t a b l e  4 ,  t h e  c a l c u l a t e d  C h i - s q u a r e  i s  1 6 .0  
w i t h  p < .0 0 0 5 .  T h i s  v a l u e  was s i g n i f i c a n t  a t  t h e  r e q u i r e d  l e v e l ,  
a nd  n u l l  h y p o t h e s i s  3 was t h e r e f o r e  r e j e c t e d .
D i s c u s s i o n
The t e s t  o f  n u l l  h y p o t h e s i s  3 p a r t i a l l y  s u p p o r t e d  r e s e a r c h  
h y p o t h e s i s  2 .  T h a t  i s ,  t h e  n u l l  h y p o t h e s i s  a d d r e s s e d  t h e  i s s u e  o f  
t h e  p r e s e n c e  o f  b r a i n  dam age, w h e r e a s  t h e  r e s e a r c h  h y p o t h e s i s  a d d r e s ­
sed  e i t h e r  p r e s e n c e  o r  a b s e n c e .
From th e  d a t a  i n  t a b l e  4 ,  i t  i s  q u i t e  c l e a r  t h a t  i n  t e s t i n g  
f o r  t h e  p r e s e n c e  o f  b r a i n  damage i n  t h e  s a m p le  s u b j e c t s ,  c o m b i n a t i o n  
o f  t h e  s c o r e s  from t h e  SDMT and BGT m ore  t h a n  d o u b le d  t h e  f r e q u e n c y  
o f  c o r r e c t  d i a g n o s e s .  I n d e e d ,  t a b l e  4 show s t h a t  t h e  SDMT a l o n e  
a c c o u n t e d  f o r  16 o f  31 c o r r e c t  d i a g n o s e s ,  o r  f o r  5 1 .6  p e r c e n t  u n d e r  
t h e  c o m b in e d  c o n d i t i o n .  I n t e r e s t i n g l y ,  b o t h  t e s t s  a g r e e d  o n  a l l  f a l s e  
n e g a t i v e  d e c i s i o n s .
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N u l l  H y p o t h e s i s  4 
R eview  o f  t h e  H y p o t h e s i s  
N u l l  h y p o t h e s i s  4 s t a t e d  t h a t  t h e r e  i s  no s i g n i f i c a n t  d i f f e r ­
ence  b e tw e e n  t h e  B ender  G e s t a l t  T e s t  and t h e  c o m b i n a t i o n  o f  t h e  B e n d e r  
G e s t a l t  a n d  Symbol D i g i t  M o d a l i t i e s  t e s t s ,  i n  t e r m s  o f  t h e  f r e q u e n c y  
o f  c o r r e c t  d i a g n o s i s  o f  t h e  a b s e n c e  o f  b r a i n  d a m a g e .  N u l l  h y p o t h e s i s  
4 i s  t h e  c o n c e p t u a l  c o u n t e r p a r t  o f  n u l l  h y p o t h e s i s  3 ,  and a d d r e s s e s  
th e  q u e s t i o n  o f  p o t e n t i a l  im p ro v e m e n t  o f  d i a g n o s t i c  a c c u r a c y  by com­
b i n i n g  t h e  r e s u l t s  from  b o t h  t e s t s .
R e s u l t s
T he  d a t a  p e r t a i n i n g  to  t h e  t e s t  o f  n u l l  h y p o t h e s i s  4 a r e  p r e ­
s e n te d  i n  t a b l e  5 .
TABLE 5
DATA FOR THE CHI SQUARE ANALYSIS FOR THE 
COMPARISON OF THE BGT AND BGT+SDMT 
FOR NON-BRAIN-DAMAGED SUBJECTS
BGT+SDMT
I n c o r r e c t C o r r e c t T o t a l
c 23 34 57
o  Inc a 8 0 8
Tot 31 34 65
T he com pu ted  C h i - s q u a r e  i s  2 3 . 0  w i t h  a n  a s s o c i a t e d  p r o b a b i l i t y  
o f  p < . 0 0 0 5 .  T h i s  v a l u e  was s i g n i f i c a n t  a t  t h e  r e q u i r e d  l e v e l ,  and 
n u l l  h y p o t h e s i s  4 was r e j e c t e d .
D i s c u s s i o n  '
A g a i n ,  a s  was t h e  c a s e  w i t h  t h e  t e s t  o f  n u l l  h y p o t h e s i s  3 , 
th e  t e s t  o f  t h e  h y p o t h e s i s  p ro d u c e d  s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t s
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t h a t  d id  n o t  s u p p o r t  t h e  c o r r e s p o n d i n g  r e s e a r c h  h y p o t h e s i s .  The d a t a  
p r e s e n t e d  i n  t a b l e  5 show t h a t  t h e  BGT c o r r e c t l y  d i a g n o s e d  t h e  a b s e n c e  
o f  b r a i n  dam age i n  t h e  sam p le  s u b j e c t s  8 7 .7  p e r c e n t  (57 o f  65 c a s e s )  
o f  t h e  t im e  w h e r e a s  t h e  com bined BGT and  SDMT d id  so  o n l y  i n  5 2 .3  p e r ­
c e n t  o f  t h e  c a s e s  (34 o f  6 5 ) .  Of som ew hat g r e a t e r  im p o r t  t o  t h e  
p r e s e n t  d i s c u s s i o n  i s  t h e  f a c t  t h a t  i n  no  c a s e  d id  t h e  SDKI p r o v i d e  a 
c o r r e c t  d i a g n o s i s  o f  t h e  a b s e n c e  o f  b r a i n  dam age , o r  a  t r u e  n e g a t i v e  
h i t ,  when t h e  BGT f a i l e d  to  do s o .  T h u s ,  i t  i s  c l e a r  t h a t  i n  t h e  
p r e s e n t  s t u d y ,  r a t h e r  th a n  im p r o v in g  t h e  r a t e  o f  c o r r e c t  d i a g n o s e s ,  
a d d i t i o n  o f  t h e  SDMT t o  t h e  BGT a c t u a l l y  r e d u c e d  t h e  a c c u r a c y  o f  t h e  
d i a g n o s t i c  p r o c e d u r e  f o r  e s t a b l i s h i n g  t h e  a b s e n c e  o f  b r a i n  d am ag e .
N u l l  H y p o t h e s i s  5 
Review o f  t h e  H y p o t h e s i s  
N u l l  h y p o t h e s i s  5 s t a t e d  t h a t  t h e r e  i s  no s i g n i f i c a n t  d i f f e r ­
e n c e  b e tw e e n  t h e  Symbol D i g i t  M o d a l i t i e s  T e s t  and t h e  c o m b i n a t i o n  o f  
t h e  Symbol D i g i t  M o d a l i t i e s  and B e n d e r  G e s t a l t  t e s t s ,  w i t h  r e s p e c t  t o  
t h e  f r e q u e n c y  o f  c o r r e c t  d i a g n o s i s  o f  t h e  p r e s e n c e  o f  b r a i n  d a m ag e .
I t  i s  r e a d i l y  a p p a r e n t  t h a t  n u l l  h y p o t h e s i s  5 i s  s im p ly  t h e  r e v e r s e  
o f  n u l l  h y p o t h e s i s  3 .  R e s e a r c h  h y p o t h e s i s  2 ,  r e l a t e d  t o  b o t h ,  s t a t e d  
t h a t  c o m b in in g  t h e  o b t a i n e d  s c o r e s  f ro m  b o t h  t e s t s  w ould  p r o d u c e  a 
s i g n i f i c a n t l y  h i g h e r  f r e q u e n c y  o f  c o r r e c t  d i a g n o s e s  t h a n  w ou ld  t h e  u s e  
o f  e i t h e r  t e s t  a l o n e .
R e s u l t s
The d a t a  p e r t a i n i n g  to  n u l l  h y p o t h e s i s  5 a r e  p r e s e n t e d  i n  
t a b l e  6 .  The o b t a i n e d  C h i - s q u a r e  w as  3 . 0  w i t h  p = . 0 8 3 .  T h i s  v a l u e  
was n o t  s i g n i f i c a n t  a t  t h e  r e q u i r e d  l e v e l ,  and n u l l  h y p o t h e s i s  5 was
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t h e r e f o r e  n o t  s u p p o r t e d  i n  t h e  p r e s e n t  a n a l y s i s .
TABLE 6
DATA FOR THE CHI SQUARE ANALYSIS FOR THE 
COMPARISON OF THE SDMT AND SDMT+BGT 
FOR BRAIN-DAMAGED SUBJECTS
SDMT+BGT
Q
CO
I n c o r r e c t C o r r e c t T o t a l
c 0 28 28
In c 4 3 7
T o t 4 31 35
D i s c u s s i o n
The d a t a  p r e s e n t e d  i n  t a b l e  6 and  t h e  r e l a t e d  c a l c u l a t i o n s  
c l e a r l y  show t h a t  when t h e  SDMT w as u s e d  t o  d i a g n o s e  t h e  p r e s e n c e  o f  
b r a i n  dam age i n  t h e  s a m p le  s u b j e c t s ,  a d d i t i o n  o f  t h e  B ender  s c o r e s  
made no s i g n i f i c a n t  im p ro v em en t  i n  t h e  f r e q u e n c y  o f  c o r r e c t  d i a g n o s e s .  
I n d e e d ,  t h e  BGT ad d e d  o n l y  3 o f  31 c o r r e c t  d i a g n o s e s  o f  t h e  p r e s e n c e  
o f  t h e  p r e s e n c e  o f  b r a i n  dam age ,  o r  o n l y  a b o u t  9 .7  p e r c e n t ,  w h e r e a s  
t h e  SDMT c o r r e c t l y  d i a g n o s e d  28 o u t  o f  31 ,  o r  9 0 .3  p e r c e n t  o f  t h e  
b r a in - d a m a g e d  c a s e s  i n  t h e  s a m p le .
N u l l  H y p o t h e s i s  6 
Review  o f  t h e  H y p o t h e s i s  
N u l l  h y p o t h e s i s  6 s t a t e d  t h a t  t h e r e  i s  no s i g n i f i c a n t  d i f f e r ­
e n c e  b e tw e e n  t h e  Symbol D i g i t  M o d a l i t i e s  T e s t  and t h e  c o m b i n a t i o n  o f  
t h e  Symbol D i g i t  M o d a l i t i e s  and B e n d e r  G e s t a l t  t e s t s ,  w i t h  r e s p e c t  t o  
t h e  f r e q u e n c y  o f  c o r r e c t  d i a g n o s i s  o f  t h e  a b s e n c e  o f  b r a i n  dam age .  
T h i s  h y p o t h e s i s  i s  e s s e n t i a l l y  t h e  r e v e r s e  o f  n u l l  h y p o t h e s i s  4 and 
i s  t h u s  c o n c e p t u a l l y  a s s o c i a t e d  w i t h  r e s e a r c h  h y p o t h e s i s  2 .  T h a t  i s .
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i t  was h y p o t h e s i z e d  t h a t  c o m b in in g  t h e  s c o r e s  f ro m  t h e  two t e s t s  
would p r o d u c e  a  h i g h e r  f r e q u e n c y  o f  c o r r e c t  d i a g n o s e s  o f  b o t h  t h e  
p r e s e n c e  and  a b s e n c e  o f  b r a i n  damage i n  t h e  sa m p le  s u b j e c t s .  The 
t e s t  f o r  t h e  p r e s e n c e  o f  b r a i n  dam age was c a r r i e d  o u t  u n d e r  n u l l  
h y p o t h e s i s  5 .
R e s u l t s
The d a t a  p e r t a i n i n g  t o  t h e  t e s t  o f  n u l l  h y p o t h e s i s  6 a r e  p r e ­
s e n t e d  i n  t a b l e  7 .
TABLE 7
DATA FOR THE CHI SQUARE ANALYSIS FOR THE 
COMPARISON OF THE SDMT AND SDMT+BGT 
FOR NON-BRAIN-DAMAGED SUBJECTS
SDMT+BGT
I n c o r r e c t C o r r e c t T o t a l
c 0 34 34
In c 31 0 31
T o t 31 34 65
The com pu ted  c h i - s q u a r e  i s  z e r o ,  w i t h  p > . 9 9 9 9 .  T h i s  v a l u e  
w as  n o t  s i g n i f i c a n t  a t  t h e  r e q u i r e d  l e v e l ,  and n u l l  h y p o t h e s i s  6 was 
s u p p o r t e d .  U nder t h e  t e s t  o f  t h e  n u l l  h y p o t h e s i s ,  t h e  SDMT d i d  n o t  
c o n t r a d i c t  t h e  d i a g n o s i s  o f  t h e  com b in ed  SDMT and BGT i n  a n y  c a s e .
D i s c u s s i o n
The d a t a  i n  t a b l e  7 c l e a r l y  show t h a t  w i t h  r e s p e c t  t o  t h e  
d i a g n o s i s  o f  t h e  a b s e n c e  o f  b r a i n  dam age i n  t h e  s t u d y  s a m p l e ,  t h e  two 
t e s t s  w e re  v i r t u a l l y  in  t o t a l  a g r e e m e n t .  A l th o u g h  t h e  BGT d i d  i n  f a c t  
c o r r e c t l y  d i a g n o s e  t h e  a b s e n c e  o f  b r a i n  dam age i n  t h e  s a m p le  s u b j e c t s  
s i g n i f i c a n t l y  more f r e q u e n t l y  t h a n  t h e  SDMT when t h e  two t e s t s  w ere
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used i n d e p e n d e n t l y ,  when, u n d e r  t h e  p r e s e n t  h y p o t h e s i s ,  t h e  two t e s t s  
were c o m b in e d ,  a s s u m p t i o n  o f  t h e  a b s e n c e  o f  b r a i n  damage r e q u i r e d  
t h a t  b o th  t e s t s  so i n d i c a t e .  I n  t h e  p r e s e n t  c a s e ,  a l l  o f  t h e  34 
c a s e s  c o r r e c t l y  d i a g n o s e d  by t h e  SDMT w e re  a l s o  c o r r e c t l y  d i a g n o s e d  
by th e  BGT. B e c a u s e  o f  t h e  r e q u i r e m e n t  c h a t  b o t h  t e s t s  m u s t  i n d i c a t e  
t h e  a b s e n c e  o f  b r a i n  dam age i n  o r d e r  t o  e s t a b l i s h  t h e  d i a g n o s i s ,  t h e  
23 c a s e s  w h e r e  t h e  BGT c o r r e c t l y  d i a g n o s e d  t h e  a b s e n c e  o f  b r a i n  dam age 
when th e  SDMT d i d  n o t ,  d i d  n o t  a p p e a r  i n  t h e  a n a l y s i s  and t h u s  d i d  
n o t  c o n t r i b u t e  s t a t i s t i c a l l y  t o  t h e  im p ro v e m e n t  o f  t h e  a c c u r a c y  o f  
th e  d i a g n o s i s .
Summary
C h a p t e r  IV h a s  p r e s e n t e d  t h e  d a t a  p e r t a i n i n g  t o  t h e  t e s t s  o f  
th e  s i x  n u l l  h y p o t h e s e s  p r o p o s e d  i n  c h a p t e r  I  ( p .  7 ) .  Four  o f  t h e  
s i x  n u l l  h y p o t h e s e s  w ere  r e j e c t e d ,  w h i l e  two w e re  r e t a i n e d .  C h a p t e r  V 
p r e s e n t s  a  d e t a i l e d  summary o f  t h e  s t u d y  f i n d i n g s ,  a  d i s c u s s i o n  o f  
t h e i r  s i g n i f i c a n c e  i n  t h e  l i g h t  o f  t h e  r e s e a r c h  r e v ie w e d  i n  c h a p t e r  
I I ,  and a  d i s c u s s i o n  o f  i m p l i c a t i o n s  f o r  p r o f e s s i o n a l  p r a c t i c e  and 
f o r  f u r t h e r  r e s e a r c h .
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SUMMARY, CONCLUSIONS, AND IMPLICATIONS 
O v erv iew
T h is  c h a p t e r  i s  a  p r e s e n t a t i o n  o f  t h e  c o n c l u s i o n s  and  i m p l i c a ­
t i o n s  t o  be d raw n  f r o m  t h e  f i n d i n g s  o f  t h e  s t u d y .  A b r i e f  summary o f  
t h e  r a t i o n a l e  and r e s e a r c h  d e s i g n  a r e  f o l l o w e d  by a  r e c a p i t u l a t i o n  o f  
t h e  m a jo r  f i n d i n g s  f ro m  t h e  t e s t s  o f  e a c h  o f  t h e  s i x  n u l l  h y p o t h e s e s ,  
d i s c u s s i o n s  o f  t h e  c o n c l u s i o n s ,  and i m p l i c a t i o n s  f o r  c l i n i c a l  p r a c t i c e  
and  f u r t h e r  r e s e a r c h .
Summary
S c r e e n i n g  f o r  n e u r o l o g i c a l  d y s f u n c t i o n  i s  d i f f i c u l t  a t  b e s t  
f o r  t h e  p r a c t i t i o n e r  b e c a u s e  o f  t h e  v a s t  c o m p l e x i t y  o f  t h e  b r a i n -  
b e h a v i o r  i n t e r a c t i o n s  w h ic h  c o n s t i t u t e  t h e  p r i m a r y  d a t a  s o u r c e  a t  h i s  
o r  h e r  d i s p o s a l .  A l t h o u g h  t h e r e  a r e  n u m ero u s  t e s t s  c u r r e n t l y  b e in g  
m a r k e t e d  t h a t  a r e  a l l e g e d  to  be u s e f u l  f o r  s u c h  s c r e e n i n g  a p p l i c a t i o n s ,  
many o f  them w e re  o r i g i n a l l y  d e s i g n e d  f o r  o t h e r  u s e s  and  t h e i r  u t i l i t y  
a s  n e u r o p s y c h o l o g i c a l  s c r e e n i n g  i n s t r u m e n t s  i s  t h u s  o p e n  t o  q u e s t i o n .  
The p r e s e n t  s t u d y  w as  a n  a t t e m p t  t o  e v a l u a t e  t h e  u s e f u l n e s s  o f  two 
w e l l - k n o w n  p s y c h o l o g i c a l  t e s t s ,  t h e  B e n d e r  V i s u a l  M otor G e s t a l t  and 
Sym bol D i g i t  M o d a l i t i e s  t e s t s ,  a s  s c r e e n i n g  i n s t r u m e n t s  f o r  n e u r o p s y ­
c h o l o g i c a l  d y s f u n c t i o n .  The two t e s t s  r e p r e s e n t  d i f f e r e n t  a p p r o a c h e s  
t o  t h e  n e u r o d i a g n o s t i c  p r o c e s s .  The BGT i s  o n e  o f  t h a t  g ro u p  o f  t e s t s
58
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d e s i g n e d  f o r  o c h e r  u s e s  t h a t  h a s  come to  be r e g a r d e d  a s  u s e f u l  n e u r o -  
d i a g n o s t i c a l l y , and i t  r e t a i n s  much o f  i t s  p o p u l a r i t y  i n  s p i t e  o f  
e q u i v o c a l  r e s e a r c h  s u p p o r t .  On t h e  o t h e r  h a n d ,  t h e  SDMT was o r i g i ­
n a l l y  d e s i g n e d  a s  a  n e u r o p s y c h o l o g i c a l  s c r e e n i n g  t e s t  and h a s  shown 
q u i t e  c o n s i s t e n t  p a t t e r n s  o f  d i a g n o s t i c  a c c u r a c y  i n  t h e  r e s e a r c h  l i t ­
e r a t u r e  .
The p r e s e n t  s t u d y  w as e s s e n t i a l l y  an  e x - p o s t - f a c t o  d e s i g n .
T h a t  i s ,  t h e  c r i t e r i o n ,  t h e  n e u r o l o g i s t ' s  d i a g n o s i s  w as a l r e a d y  
e s t a b l i s h e d  and known to  t h e  r e s e a r c h e r  b e f o r e  t h e  s u b j e c t s  w e r e  
s e l e c t e d .  The d e p e n d e n t  v a r i a b l e s  w e re  t h e  s c o r e s  o b t a i n e d  by t h e  
s t u d y  s u b j e c t s  on  th e  two t e s t s .  T h e s e  v a r i a b l e s  w e re  t r e a t e d  a s  
d ic h o to m o u s  i n  t h a t ,  on t h e  b a s i s  o f  e s t a b l i s h e d  c u t - o f f  s c o r e s ,  
d e c i s i o n s  a s  t o  t h e  p r e s e n c e  o r  a b s e n c e  o f  b r a i n  dam age  i n  t h e  s t u d y  
s u b j e c t s  w e re  m ade. The n u l l  h y p o t h e s e s  and d a t a  a n a l y s e s  w e re  p l a c e d  
i n  a  c o u n t e r - b a l a n c e d  p a i r s  a r r a n g e m e n t  s u c h  t h a t  e a c h  c o m p a r i s o n  
lo o k e d  f i r s t  a t  t h e  e v i d e n c e  o f  t h e  p r e s e n c e ,  and  t h e n  t h e  a b s e n c e  o f  
c e r e b r a l  d y s f u n c t i o n  in  t h e  s t u d y  s u b j e c t s .
The s u b j e c t s  f o r  t h e  s t u d y  w ere  draw n from  t h e  l i s t  o f  r e s i ­
d e n t s  o f  t h e  M ic h ig a n  C o r r e c t i o n s  D e p a r t m e n t ' s  f a c i l i t i e s ,  c h a t  had 
b een  r e f e r r e d  to  t h e  n e u r o l o g y  c l i n i c  o f  t h e  p r i s o n  h o s p i t a l  a t  t h e  
S t a t e  P r i s o n  o f  S o u th e r n  M ic h ig a n  d u r i n g  1983 . From t h e  a p p r o x i m a t e l y  
300 r e s i d e n t s  so  i d e n t i f i e d ,  o n e  h u n d re d  w ere  s e l e c t e d  w hose  d i a g n o s i s  
i n d i c a t e d  w h e th e r  o r  n o t  t h e i r  r e f e r r i n g  c o m p l a i n t s  o r i g i n a t e d  i n  t h e  
c e n t r a l  n e r v o u s  s y s te m .  T h o s e  w hose  d i a g n o s e s  i n d i c a t e d  t h e  p r e s e n c e  
o f  c e n t r a l  n e r v o u s  s y s te m  d i s o r d e r ,  i n t r a c r a n i a l  l e s i o n ,  o r  c l o s e d -  
head t r a u m a  w e re  c l a s s i f i e d  a s  b r a i n - d a m a g e d ,  w h i l e  t h o s e  w h o se  d i a g ­
n o s i s  i n d i c a t e d  e i t h e r  p e r i p h e r a l  n e u r o l o g i c a l  d i s o r d e r  o r  a b s e n c e  o f
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any  n e u r o l o g i c a l  p ro b le m  w e r e  c l a s s i f i e d  a s  n o n - b r a i n - d a m a g e d .  P o t e n ­
t i a l  p a r t i c i p a n t s  i n  t h e  s t u d y  w e re  i n t e r v i e w e d  by t h e  r e s e a r c h e r  and 
a s k e d  to  v o l u n t e e r  f o r  t h e  s t u d y .  Each r e s i d e n t  so  i n t e r v i e w e d  w as 
p r o v i d e d  w i t h  b o th  a w r i t t e n  and o r a l  d e s c r i p t i o n  o f  t h e  s t u d y ,  and  
t h e n  a s k e d  to  s i g n  an i n f o r m e d  c o n s e n t  fo rm .
The d a t a  w ere  c o l l e c t e d  w i t h  t h e  B ender  G e s t a l t  T e s t  ( B e n d e r ,  
1938) and t h e  Symbol D i g i t  M o d a l i t i e s  T e s t  ( S m i th ,  1 9 7 3 ,  1 9 8 2 ) .  The 
BGT was s c o r e d  by m eans o f  t h e  c r i t e r i a  and s i g n  w e i g h t s  d e v e l o p e d  by 
H a in  ( 1 9 6 4 ) .
B e c a u se  t h e  d a t a  w e r e  d ic h o to m o u s  and w e r e  n o t  i n d e p e n d e n t ,  
t h e  C h i - s q u a r e  a n a l y s i s  f o r  d e p e n d e n t  s a m p le s  ( F e r g u s o n ,  1976) w as 
u s e d .  In  t h e  d a t a  a n a l y s i s ,  o b t a i n e d  C h i - s q u a r e  v a l u e s  w ere  c o m p a re d  
to  a  c r i t i c a l  v a l u e  e s t a b l i s h e d  f o r  o n e  d e g r e e  o f  f r e e d o m  an d  a  s i g ­
n i f i c a n c e  c r i t e r i o n  o f  a  = . 0 5 .  A c t u a l  s i g n i f i c a n c e  l e v e l s  p r e s e n t e d  
a s  p r o b a b i l i t i e s  w ere  o b t a i n e d  f o r  e a c h  com pu ted  C h i - s q u a r e  an d  
r e p o r t e d  a l o n g  w i t h  e a c h  s i g n i f i c a n c e  d e c i s i o n .
F i n d i n g s  
N u l l  H y p o t h e s i s  1
R e s e a r c h  h y p o t h e s i s  1 ( c h a p t e r  I ,  p .  7) s t a t e d  t h a t  t h e  SDMT 
w ould  d i s c r i m i n a t e  b e tw e e n  n e u r o l o g i c a l l y  i m p a i r e d  and n o rm a l  s u b j e c t s  
s i g n i f i c a n t l y  b e t t e r  t h a n  t h e  BGT. In  o r d e r  to  a d d r e s s  t h e  b a s i c  
q u e s t i o n  im p l i e d  in  t h i s  h y p o t h e s i s ,  n u l l  h y p o t h e s i s  1 was f o r m u l a t e d ,  
s t a t i n g  t h a t  t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  t h e  BGT and  
t h e  SDMT, i n  te rm s  o f  t h e  f r e q u e n c y  o f  c o r r e c t  d i a g n o s i s  o f  t h e  p r e s ­
e n c e  o f  b r a i n  dam age.
The com puted C h i - s q u a r e  f o r  t h e  t e s t  o f  n u l l  h y p o t h e s i s  1 was
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8 .8 9  w i t h  p = . 0 0 3 .  T h i s  v a l u e  was fo u n d  to  be  s i g n i f i c a n t  a t  t h e  
r e q u i r e d  l e v e l ,  and  n u l l  h y p o t h e s i s  I was r e j e c t e d .
D i s c u s s i o n
R e j e c t i o n  o f  t h e  n u l l  h y p o t h e s i s  i m p l i e d  s u p p o r t  o f  t h e  u n d e r ­
l y i n g  r e s e a r c h  h y p o t h e s i s .  I n  t h e  p r e s e n t  c a s e ,  t h e  r e s e a r c h  h y p o th ­
e s i s  was d i r e c t i o n a l  i n  te rm s  o f  t h e  t e s t  i d e n t i f i e d ,  w h e r e a s  t h e  n u l l  
h y p o t h e s i s  w as n o t .  From th e  d a t a  o b t a i n e d  and t h e  c a l c u l a t e d  C h i -  
s q u a r e  v a l u e ,  i t  was c l e a r  t h a t  t h e  f r e q u e n c i e s  o f  c o r r e c t  d i a g n o s e s  
r e p o r t e d  f o r  t h e  two t e s t s  d i f f e r e d  s i g n i f i c a n t l y .  M o r e o v e r ,  t h e  
i n s t r u m e n t  d e s i g n a t e d  by t h e  r e s e a r c h  h y p o t h e s i s  ( t h e  SDMT) p ro v e d  to  
be t h e  m ore  s e n s i t i v e  o f  t h e  two t e s t s  t o  t h e  p r e s e n c e  o f  b r a i n  damage 
i n  t h e  s a m p le  s u b j e c t s ,  a s  had b e e n  a n t i c i p a t e d .
The d a t a  r e v e a l  t h a t  t h e  SDMT a g r e e d  w i t h  t h e  c r i t e r i o n  d i a g ­
n o s i s  i n  28 o f  35 c a s e s .  The s e v e n  c a s e s  m is s e d  by t h e  SDMT r e p r e s e n t  
a f a l s e  n e g a t i v e  h i t  r a t e  o f  20 p e r c e n t .  C o n v e r s e l y ,  t h e  SDMT was i n  
a g re e m e n t  w i t h  t h e  c r i t e r i o n  f o r  p r e s e n c e  o f  b r a i n  dam age 80  p e r c e n t  
o f  th e  t i m e .  In  c o n t r a s t ,  t h e  BGT a g r e e d  w i t h  t h e  c r i t e r i o n  i n  15 o f  
35 c a s e s  f o r  a  t r u e  p o s i t i v e  h i t  r a t e  o f  43 p e r c e n t  and a c o r r e s p o n ­
d in g  f a l s e  n e g a t i v e  r a t e  o f  57 p e r c e n t .  C l e a r l y ,  s i g n i f i c a n t l y  h i g h e r  
a c c u r a c y  i n  d i s c r i m i n a t i n g  b r a in - d a m a g e d  s u b j e c t s  was a c h i e v e d  by t h e  
Symbol D i g i t  M o d a l i t i e s  T e s t .
T h e s e  f i n d i n g s  w i t h  r e s p e c t  t o  t h e  SDMT a r e  c o m p a r a b l e  t o  
t h o s e  r e p o r t e d  i n  t h e  r e c e n t  r e s e a r c h  l i t e r a t u r e  (W a ts o n ,  D a v i s  & 
C a s s e r ,  1978; W a ts o n ,  S c h a e f e r ,  B u r a n e n ,  & Wold, 1 9 8 1 ) .  On t h e  o t h e r  
ha n d ,  t h e  p r e s e n t  f i n d i n g s  r e g a r d i n g  t h e  BGT a r e  som ew hat l e s s  d e f i n i ­
t i v e  t h a n  e x p e c t e d  i n  t h e  l i g h t  o f  f i n d i n g s  r e p o r t e d  by B r i l l i a n t  &
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G y n th e r  ( 1 9 6 3 ) ,  E vans  and M a rm o rs to n  (1 9 6 5 ) ,  H a in  ( 1 9 6 4 ) ,  Korman an d  
B lum berg  ( 1 9 7 3 ) ,  L a c k s  ( 1 9 7 9 ) ,  and L a n d i s ,  B a x t e r ,  P a t t e r s o n ,  and 
T a u b e r  ( 1 9 7 4 ) .
N u l l  H y p o t h e s i s  2
N u l l  h y p o t h e s i s  2 s t a t e d  t h a t  t h e r e  i s  no s i g n i f i c a n t  d i f f e r ­
e n c e  b e tw e e n  t h e  B en d e r  G e s t a l t  and Symbol D i g i t  M o d a l i t i e s  t e s t s ,  i n  
t e r m s  o f  t h e  f r e q u e n c y  o f  c o r r e c t  d i a g n o s i s  o f  t h e  a b s e n c e  o f  b r a i n  
dam age .  T h i s  h y p o t h e s i s  i s  t h e  c o n c e p t u a l  c o u n t e r p a r t  o f  n u l l  h y p o t h ­
e s i s  1 , and i s  a l s o  d e r i v e d  f ro m  r e s e a r c h  h y p o t h e s i s  1 . The c o n c e r n  
h e r e ,  i s  w h e th e r  o r  n o t  e i t h e r  o f  t h e  two t e s t s  w i l l  i n  f a c t  i d e n t i f y  
t h e  n o rm a l  o r  n o n - b r a i n —dam aged s u b j e c t  when s u c h  i s  e n c o u n t e r e d .
The com puted  C h i - s q u a r e  was 2 3 . 0 ,  and p < . 0 0 0 5 .  T h i s  v a l u e  
was fo u n d  to  be  h i g h l y  s i g n i f i c a n t  an d  n u l l  h y p o t h e s i s  2 was t h e r e f o r e  
r e j  e c t e d .
D i s c u s s i o n
The r e j e c t i o n  o f  n u l l  h y p o t h e s e s  1 and 2 i m p l i e s  s u p p o r t  f o r  
t h e  u n d e r l y i n g  r e s e a r c h  h y p o t h e s i s .  However, t h e  r e s u l t s  a r e  n o t  
s t r a i g h t f o r w a r d  i n  t h i s  r e g a r d .  W h i le  r e s e a r c h  h y p o t h e s i s  1 was s u s ­
t a i n e d  by  th e  r e j e c t i o n  o f  n u l l  h y p o t h e s i s  1, r e j e c t i o n  o f  n u l l  
h y p o t h e s i s  2 d i d  n o t  im p ly  s u p p o r t  f o r  t h e  u n d e r l y i n g  r e s e a r c h  h y p o t h ­
e s i s .  T h i s  w as so  b e c a u s e  i n  t h e  p r e s e n t  a n a l y s i s ,  i t  w as  t h e  BGT 
t h a t  p r o v e d  t o  be t h e  more s e n s i t i v e  o f  t h e  two t e s t s  t o  t h e  a b s e n c e  
o f  b r a i n  dam age , t h e  o p p o s i t e  o f  t h e  e x p e c te d  o u tc o m e .
I t  i s  somewhat cum bersom e l o g i c a l l y ,  t o  c o n c e p t u a l i z e  a t e s t  
a s  s e n s i t i v e  t o  t h e  e x t r e m e s  o f  a  p r e s e n c e - a b s e n c e  c o n t i n u u m .  A m ore  
p a r s i m o n i o u s  a p p r o a c h  seem s t o  be t o  c o n s i d e r  a  g i v e n  t e s t  a s
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s e n s i t i v e  t o  b o t h  t h e  p r e s e n c e  and a b s e n c e  o f  b r a i n  dam age s i m u l t a n e ­
o u s l y  and t h a t  t h e s e  q u a l i t i e s  a r e  p r e s e n t  t o  some p r o p o r t i o n a l  d e g r e e .  
T h i s  w ould  seem to  be t h e  o b j e c t i v e  o f  t h e  e s t a b l i s h e d  o p tim um  c u t ­
o f f  s c o r e s  p u b l i s h e d  f o r  e a c h  t e s t .  T h a t  i s ,  su ch  c u t - o f f  s c o r e s  a r e  
t h o s e  t h a t  h a v e  b e e n  shown to  p r o d u c e  t h e  h i g h e s t  p r o p o r t i o n  o f  t r u e  
p o s i t i v e  d i a g n o s e s .  The p r e s e n t  r e s u l t s ,  t h e r e f o r e ,  i n d i c a t e  t h a t  
t h e  two i n s t r u m e n t s  d e m o n s t r a t e d  s i g n i f i c a n t l y  d i f f e r e n t  l e v e l s  o f  
s e n s i t i v i t y  t o  t h e  c r i t e r i o n  m e a s u r e .
The c o n s e n s u s  a t  t h e  p r e s e n t  t im e  r e g a r d i n g  t h e  BGT i s  t h a t  
i t  i s  p a r t i c u l a r l y  s e n s i t i v e  to  a  r e l a t i v e l y  s p e c i f i c  c l a s s  o f  v i s u o -  
g r a p h o - m o t o r  d e f i c i t s  r e l a t e d  t o  d i f f u s e  c e r e b r a l  d y s f u n c t i o n  t h a t  
h a s  b e e n  a s s o c i a t e d  w i t h  c h r o n i c ,  s t a b i l i z e d  l e s i o n s .  T h e  SDMT on  
t h e  o t h e r  hand  h a s  b e e n  shown to  b e  q u i t e  s e n s i t i v e  to  a  b r o a d  r a n g e  
o f  n e u r o p s y c h o l o g i c a l  d e f i c i t s  i n c l u d i n g  o r a l  and w r i t t e n  l a n g u a g e ,  
s y m b o l i c  r e a s o n i n g  and h i g h e r  c o g n i t i v e  p r o c e s s e s  r e l a t e d  to  m ore  
h i g h l y  l o c a l i z e d  c e r e b r a l  p r o b le m s .  T h u s ,  some d e g r e e  o f  o v e r l a p  
p a r t i c u l a r l y  i n  t e r m s  o f  t h e  v i s u a l - m o t o r  f u n c t i o n s  m e a s u r e d ,  was 
e x p e c t e d .  The d a t a ,  h o w e v e r ,  s u g g e s t  t h a t  su ch  o v e r l a p  may b e  m in im a l .
N u l l  H y p o t h e s i s  3
N u l l  h y p o t h e s i s  3 s t a t e d  t h a t  t h e r e  i s  no s i g n i f i c a n t  d i f f e r ­
e n c e  b e tw e e n  t h e  B e n d e r  G e s t a l t  T e s t  and t h e  c o m b i n a t i o n  o f  t h e  B e n d e r  
G e s t a l t  and  Symbol D i g i t  M o d a l i t i e s  t e s t s ,  i n  te rm s  o f  t h e  f r e q u e n c y  
o f  c o r r e c t  d i a g n o s i s  o f  t h e  p r e s e n c e  o f  b r a i n  dam age .  N u l l  h y p o t h e s i s  
3 w as  d e r i v e d  f ro m  r e s e a r c h  h y p o t h e s i s  2 ( c h a p t e r  I ,  p .  7) w h ic h  
s t a t e s  t h a t  c o m b in in g  t h e  s c o r e s  f ro m  t h e  two t e s t s  w ou ld  p r o d u c e  a  
s i g n i f i c a n t l y  h i g h e r  f r e q u e n c y  o f  c o r r e c t  d i a g n o s e s  o f  t h e  p r e s e n c e
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o f  b r a i n  damage c h a n  w o u l d  be  r e a l i z e d  u s i n g  e i t h e r  t e s t  a l o n e .
The computed  C h i - s q u a r e  o f  1 6 . 0 ,  w h e r e  p < . 0 0 0 5 ,  was  found  
t o  b e  h i g h l y  s i g n i f i c a n t ,  and n u l l  h y p o t h e s i s  3 was r e j e c t e d .
D i s c u s s i o n
Under t h i s  h y p o t h e s i s ,  i t  was  e x p e c t e d  t h a t  c o m b i n i n g  t h e  two 
t e s t s  would p r o d u c e  a  m or e  s e n s i t i v e  s c r e e n i n g  p r o c e d u r e  t h a n  would  
be  r e a l i z e d  t h r o u g h  i n d i v i d u a l  u s e .  R e j e c t i o n  o f  t h e  n u l l  h y p o t h e s i s  
i m p l i e d  s u p p o r t  o f  t h e  r e s e a r c h  h y p o t h e s i s  t h a t  t h e  d i f f e r e n c e s  
b e t w e e n  t h e  two w e r e  s i g n i f i c a n t .  The d a t a  show t h a t  when t h e  SDMT 
s c o r e s  w ere  added  t o  t h o s e  o b t a i n e d  f r o m  t h e  BGT, t h e  f r e q u e n c y  o f  
c o r r e c t  d i a g n o s e s  o f  t h e  p r e s e n c e  o f  b r a i n  damage  more  t h a n  d o u b l e d .  
T h i s  f i n d i n g  a l s o  s u p p o r t s  t h e  i d e a  t h a t  t h e  two t e s t s  may b e  m e a s u r -  
i n g d i f f e r e n t  n e u r a l - b e h a v i o r a l  e v e n t s ,  a  c o n c l u s i o n  t h a t  a g r e e s  w i t h  
t h e  f i n d i n g s  r e p o r t e d  f o r  n u l l  h y p o t h e s e s  1 and 2.
N u l l  H y p o t h e s i s  4
N u l l  h y p o t h e s i s  4 s t a t e d  t h a t  t h e r e  i s  no s i g n i f i c a n t  d i f f e r ­
e n c e  be tw een  t h e  B e n d e r  G e s t a l t  T e s t  and t h e  c o m b i n a t i o n  o f  t h e  Bender 
G e s t a l t  and Symbol D i g i t  M o d a l i t i e s  t e s t s ,  i n  t e r m s  o f  t h e  f r e q u e n c y  
o f  c o r r e c t  d i a g n o s i s  o f  t h e  a b s e n c e  o f  b r a i n  damage .  As was t h e  c a s e  
w i t h  n u l l  h y p o t h e s i s  3 ,  r e s e a r c h  h y p o t h e s i s  2 was i t s  s o u r c e .
The d a t a  f r o m  t h e  t e s t  o f  n u l l  h y p o t h e s i s  4 y i e l d e d  a  computed 
C h i - s q u a r e  o f  2 3 . 0 ,  w i t h  p < . 0 0 0 5 .  T h i s  v a l u e  was f o u n d  t o  be  s i g n i f ­
i c a n t  beyond t h e  r e q u i r e d  l e v e l ,  and  n u l l  h y p o t h e s i s  4 was  r e j e c t e d .
D i s c u s s i o n
Under n u l l  h y p o t h e s i s  4 ,  i t  was p r o p o s e d  t h a t  a d d i t i o n  o f  t h e
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SDMT s c o r e s  Co t h o s e  o b t a i n e d  w i t h  t h e  BGT would i n c r e a s e  t h e  f r e ­
q u e n c y  o f  c o r r e c t  d i a g n o s i s .  The d a t a ,  ho w eve r ,  show t h a t  i n  t h i s  
a n a l y s i s  a d d i t i o n  o f  t h e  two s e t s  o f  s c o r e s  d i d  n o t  i n  f a c t  e n h a n c e  
t h e  s e n s i t i v i t y  o f  t h e  d i a g n o s t i c  p r o c e d u r e .  R a t h e r ,  t h e  SDMT was  i n  
c o m p l e t e  a g r e e m e n t  w i t h  t h e  BGT i n  34 o f  t h e  57 c a s e s  c o r r e c t l y  d i a g ­
n o s e d .  M o r e o v e r ,  i n  t h e  p r e s e n t  a n a l y s i s  t h e  SDMT d i d  n o t  d i s a g r e e  
w i t h  t h e  BGT i n  a ny  c a s e .  T h i s  o b s e r v a t i o n  may be u n d e r s t o o d  i n  t h e  
l i g h t  o f  t h e  c r i t e r i o n  f o r  d e t e r m i n i n g  a b s e n c e  o f  b r a i n  d a m a g e .
S i n c e  t h e  c r i t e r i o n  f o r  p r e s e n c e  o f  b r a i n  d am ag e  was  t h a t  t h e  
s u b j e c t  m u s t  be so d i a g n o s e d  by e i t h e r  o r  b o t h  t e s t s ,  e s t a b l i s h m e n t  
o f  t h e  a b s e n c e  o f  b r a i n  damage r e q u i r e d  t h a t  b o t h  t e s t s  s o  i n d i c a t e .  
Under  t h i s  c r i t e r i o n ,  c o m b i n i n g  t h e  s c o r e s  o f  t h e  two t e s t s  m u s t  l e a d  
t o  an  i n c r e a s e  i n  t h e  p r o b a b i l i t y  o f  f a l s e  p o s i t i v e  d i a g n o s e s  and to  
a  d e c r e a s e  i n  t h e  f r e q u e n c y  o f  d i a g n o s e s  o f  t h e  a b s e n c e  o f  b r a i n  dam­
a g e .
Once a g a i n ,  t h e  n u l l  h y p o t h e s i s  o f  no s i g n i f i c a n t  d i f f e r e n c e  
b e t w e e n  t h e  o b s e r v e d  f r e q u e n c i e s  o f  c o r r e c t  d i a g n o s e s  w as  r e j e c t e d ,  
and  t h e  i m p l i e d  s u p p o r t  o f  t h e  u n d e r l y i n g  r e s e a r c h  h y p o t h e s i s  was 
m i s l e a d i n g .  The f a c t  t h a t  t h e  two t e s t s  w e re  i n  t o t a l  a g r e e m e n t  a s  
t o  t h e  d i a g n o s i s ,  w h e t h e r  t h e y  t o g e t h e r  a g r e e d  w i t h  t h e  c r i t e r i o n  or  
n o t ,  shows  t h a t  t h e  SDMT made no c o n t r i b u t i o n  to  e n h a n c i n g  t h e  f r e q u e c y  
o f  c o r r e c t  d i a g n o s i s  o f  t h e  a b s e n c e  o f  b r a i n  damage i n  t h e  s t u d y  sam­
p l e .
N u l l  H y p o t h e s i s  5
N u l l  h y p o t h e s i s  5 s t a t e d  t h a t  t h e r e  i s  no s i g n i f i c a n t  d i f f e r ­
e n c e  b e t w e e n  t h e  Symbol D i g i t  M o d a l i t i e s  T e s t  and t h e  c o m b i n a t i o n  of
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t h e  Symbol D i g i t  M o d a l i t i e s  an d  Bender  G e s t a l t  t e s t s ,  i n  t e r m s  o f  t h e  
f r e q u e n c y  o f  c o r r e c t  d i a g n o s i s  o f  t h e  p r e s e n c e  o f  b r a i n  d a m a g e .  As 
was t h e  c a s e  w i t h  n u l l  h y p o t h e s i s  3 and 4 ,  n u l l  h y p o t h e s i s  5 i s  a  d e r ­
i v a t i v e  o f  r e s e a r c h  h y p o t h e s i s  2 w h i c h  s t a t e d  t h a t  t h e  c o m b in e d  e f f e c t  
o f  t h e  two t e s t s  would  be  t o  i n c r e a s e  t h e  f r e q u e n c y  o f  t r u e  p o s i t i v e  
d i a g n o s e s .
The o b t a i n e d  C h i - s q u a r e  f r o m  t h e  t e s t  o f  t h e  n u l l  h y p o t h e s i s  
was 3 . 0 ,  w i t h  p = . 0 8 3 .  T h i s  v a l u e  was n o t  s i g n i f i c a n t  a t  t h e  . 0 5  
l e v e l ,  a n d  n u l l  h y p o t h e s i s  5 was  t h e r e f o r e  r e j e c t e d .
D i s c u s s i o n
I n  t h e  p r e s e n t  a n a l y s i s ,  r e s e a r c h  h y p o t h e s i s  2 was  n o t  s u p ­
p o r t e d .  The p r e s e n t  f i n d i n g  i s ,  i n  a s e n s e ,  a  m i r r o r  im age  o f  t h a t  
f o r  n u l l  h y p o t h e s i s  3 .  I n d e e d ,  t h e  two d i f f e r  o n l y  i n  t e r m s  o f  t h e  
i n s t r u m e n t  d e s i g n a t e d  f o r  s i n g l e  u s e .  The f a c t  t h a t  a d d i t i o n  o f  t h e  
BGT s c o r e s  to  t h o s e  f rom  t h e  SDMT had  no a p p r e c i a b l e  e f f e c t  u p o n  t h e  
f r e q u e n c y  o f  c o r r e c t  d i a g n o s i s ,  o f  c o u r s e ,  s u p p o r t s  t h e  n u l l  h y p o t h ­
e s i s .  However ,  i n  t h e  l i g h t  o f  f i n d i n g s  r e p o r t e d  e a r l i e r ,  t h e  p r e s e n t  
f i n d i n g  i s  n o t  e n t i r e l y  u n e x p e c t e d .  Review o f  t h e  f r e q u e n c i e s  a n a ­
l y z e d  u n d e r  t h i s  h y p o t h e s i s  may be h e l p f u l  a t  t h i s  p o i n t .  The SDMT 
c o r r e c t l y  d i a g n o s e d  28 o f  35 c a s e s  f o r  a t r u e  p o s i t i v e  h i t  r a t e  o f  
80 p e r c e n t ,  w h i l e  t h e  BGT c o r r e c t l y  d i a g n o s e d  15 o f  35 c a s e s  f o r  a  
c o r r e c t  d i a g n o s t i c  r a t e  o f  4 2 . 8  p e r c e n t .  H o w e v e r ,  t h e  d a t a  show t h a t  
b o t h  t e s t s  t o g e t h e r  o n l y  i d e n t i f i e d  31 o f  35 c a s e s  c o r r e c t l y ,  and  i n  
o n l y  3 c a s e s  d i d  t h e  BGT c o r r e c t l y  d i a g n o s e  p r e s e n c e  o f  b r a i n  damage  
when t h e  SDMT d i d  n o t .  T h u s ,  t h e  BGT c o n t r i b u t e d  o n l y  a  l i t t l e  mo re  
t h a n  9 p e r c e n t  o f  t h e  t o t a l  number  o f  c o r r e c t l y  d i a g n o s e d  c a s e s .
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T h u s ,  a l t h o u g h  a s  a n t i c i p a t e d ,  t h e  a d d i t i o n  o f  t h e  s c o r e s  f o r  t h e  two 
t e s t s  d i d ,  i n  f a c t ,  i n c r e a s e  t h e  f r e q u e n c y  o f  c o r r e c t  d i a g n o s e s  u n d e r  
t h e  h y p o t h e s i s ,  t h e  i n c r e a s e  was f o u n d  t o  be s t a t i s t i c a l l y  n o t  s i g n i f ­
i c a n t .  However ,  l a c k  o f  s t a t i s t i c a l  s i g n i f i c a n c e  i n  no way d e t r a c t s  
f r o m  t h e  c l i n i c a l  s i g n i f i c a n c e  o f  s u c h  a n  i n c r e a s e .  Where t h e  c o n t i n ­
u i n g  h e a l t h  and  w e l f a r e  o f  t h e  p a t i e n t  may be  a t  s t a k e ,  s u c h  i n c r e a s e s  
s h o u l d  n o t  b e  o v e r l o o k e d .
N u l l  H y p o t h e s i s  6 
N u l l  h y p o t h e s i s  6 s t a t e d  t h a t  t h e r e  i s  no s i g n i f i c a n t  d i f f e r ­
e n c e  b e t w e e n  t h e  Symbol  D i g i t  M o d a l i t i e s  T e s t  and  t h e  c o m b i n a t i o n  o f  
t h e  Symbol  D i g i t  M o d a l i t i e s  and B e n d e r  G e s t a l t  t e s t s ,  i n  t e r m s  o f  t h e  
f r e q u e n c y  o f  c o r r e c t  d i a g n o s i s  o f  t h e  a b s e n c e  o f  b r a i n  d a m a g e .  N u l l  
h y p o t h e s i s  6 was  t h e  l a s t  o f  f o u r  f o r m u l a t e d  t o  t e s t  t h e  p r o p o s i t i o n  
t h a t  c o m b i n i n g  t h e  s c o r e s  f r o m  t h e  two t e s t s  w o u ld  r e s u l t  i n  s i g n i f ­
i c a n t l y  h i g h e r  f r e q u e n c i e s  o f  c o r r e c t  d i a g n o s e s  o f  b o t h  p r e s e n c e  and 
a b s e n c e  o f  b r a i n  damage  i n  t h e  s a m p l e  s u b j e c t s .  N u l l  h y p o t h e s i s  6 i s  
c o n c e p t u a l l y  r e l a t e d  t o  n u l l  h y p o t h e s i s  4 w h i c h  co m pa re d  t h e  BGT to 
t h e  c o m b i n a t i o n  o f  t h e  BGT and SDMT w i t h  r e s p e c t  t o  t h e  d i a g n o s i s  o f  
a b s e n c e  o f  b r a i n  d a m a g e .  In  t h e  p r e s e n t  a n a l y s i s ,  b o t h  o f  t h e  c o n t i n ­
g e n c y  t a b l e  c e l l s  o c c u p i e d  by t h e  f r e q u e n c i e s  f o r  i n t e r a c t i o n  o f  t h e  
c o n d i t i o n s  c o n t a i n e d  no c a s e s .  T h i s  n o t  o n l y  r e s u l t e d  i n  a C h i - s q u a r e  
o f  z e r o ,  b u t  a l s o  showed t h a t  t h e  e f f e c t s  o f  t h e  two t e s t s  e s s e n t i a l l y  
s e g r e g a t e d  t h e m s e l v e s .  T h i s  s i t u a t i o n  a p p e a r e d  t o  be  a f u n c t i o n  o f  
t h e  d e c i s i o n  c r i t e r i o n  w h ic h  r e q u i r e d  t h a t  i n  o r d e r  f o r  a d i a g n o s i s  
o f  a b s e n c e  o f  b r a i n  damage t o  b e  m a d e ,  b o t h  t e s t s  had t o  so i n d i c a t e .  
The  p r e s e n t  r e s u l t s  c a n  be f u r t h e r  u n d e r s t o o d  i f  t h o s e  o b t a i n e d  f o r
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t h e  t e s t s  o f  n u l l  h y p o t h e s e s  1 and  2 a r e  r e c a l l e d .  I n  t h o s e  a n a l y s e s  
t h e  two i n s t r u m e n t s  a l s o  s e g r e g a t e d  t h e m s e l v e s ,  a t  l e a s t  i n  t e r m s  o f  
t h e  p a t t e r n  o f  s e n s i t i v i t y  shown,  t h e  SDMT showing  s e n s i t i v i t y  t o  t h e  
p r e s e n c e  and  t h e  BGT show ing  s e n s i t i v i t y  t o  t h e  a b s e n c e  o f  b r a i n  p a t h ­
o l o g y .
C o n c l u s i o n s
The r e s e a r c h  f i n d i n g s  d i s c u s s e d  i n  c h a p t e r  IV and su m m a r i z e d  
i n  t h e  p r e s e n t  c h a p t e r  l e a d  t o  s e v e r a l  c o n c l u s i o n s ,  b o t h  o f  a  g e n e r a l  
and  s p e c i f i c  n a t u r e ,  r e g a r d i n g  t h e  two i n s t r u m e n t s  e v a l u a t e d .  F i r s t ,  
a n  u n d e r l y i n g  a s s u m p t i o n  o f  t h e  c u r r e n t  s t u d y  was t h a t  t h e r e  w a s  some 
d e g r e e  o f  o v e r l a p  b e t w e e n  t h e  BGT a n d  SDMT i n  t e r m s  o f  t h e  v i s u o -  
g r a p h o - m o t o r  s k i l l s  a s s e s s e d ,  b u t  t h a t  o t h e r  e s s e n t i a l  d i f f e r e n c e s  
b e t w e e n  them would  s u g g e s t  t h e i r  u s e f u l n e s s  a s  a n e u r o p s y c h o l o g i c a l  
s c r e e n i n g  b a t t e r y ,  a s  h a s  b e e n  s u g g e s t e d  by C a n t e r  ( 1 9 6 6 ) ,  when  s l i g h t  
m o d i f i c a t i o n s  a r e  made i n  t h e  B e n d e r  t e s t i n g  p r o c e d u r e .  The c u r r e n t  
f i n d i n g s  s u g g e s t  t h a t  t h e  d e g r e e  o f  o v e r l a p  b e tw e e n  t h e  two t e s t s  may 
be  somewhat  l e s s  t h a n  a n t i c i p a t e d  i n  t h e  d e s i g n  o f  t h e  p r e s e n t  s t u d y .  
The p a t t e r n  o f  d i s c r i m i n a t i o n  d e m o n s t r a t e d  by t h e  two t e s t s  s u g g e s t s  
t h a t  q u i t e  d i f f e r e n t  n e u r o p s y c h o l o g i c a l  e v e n t s  a r e  b e i n g  a s s e s s e d  by 
e a c h  t e s t .
Of p e r h a p s  g r e a t e r  i m p o r t a n c e  i s  t h e  i s s u e  o f  a c c u r a c y  and  
c o n s i s t e n c y  o f  d i a g n o s i s .  I f  t h e  c o r r e c t  d i a g n o s t i c  p e r c e n t a g e s  a r e  
c o m p a r e d ,  i t  a p p e a r s  t h a t  t h e  BGT i s  t h e  more  a c c u r a t e  o f  t h e  tw o,  
h a v i n g  a g r e e d  w i t h  t h e  c r i t e r i o n  72 p e r c e n t  o f  t h e  t i m e ,  w h i l e  t h e  
SDMT d i d  so  o n l y  62 p e r c e n t  o f  t h e  t i m e .  The f i n d i n g  w i t h  r e s p e c t  t o  
t h e  BGT i s  g e n e r a l l y  c o n s i s t e n t  w i t h  r e s u l t s  r e p o r t e d  i n  c h a p t e r  I I ,
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w h e r e a s  t h e  f i n d i n g s  w i t h  r e s p e c t  t o  t h e  SDMT a r e  somewhat  l e s s  d e f i n ­
i t i v e  t h a n  a n t i c i p a t e d  on t h e  b a s i s  o f  t h e  l i t e r a t u r e  r e v i e w .
Two q u e s t i o n s  may be r a i s e d  a t  t h i s  p o i n t .  The  f i r s t  r e l a t e s  
to t h e  i s s u e  o f  w h a t  i s  b e i n g  m e a s u r e d .  In t h i s  r e g a r d ,  i t  seems l o g ­
i c a l l y  c u m b e r s o n  to  c o n c e p t u a l i z e  two t e s t s  a s  p o s s e s s i n g  d i f f e r i n g  
l e v e l s  o f  s e n s i t i v i t y  t o  t h e  e x t r e m e s  o f  a p r e s e n c e - a b s e n c e  c o n t i n u u m .  
R a t h e r ,  i t  s e e m s  more  a p p r o p r i a t e  t o  f o c u s  u po n  t h e  g e n e r a l  p r o p e r t y  
o f  s e n s i t i v i t y  s i n c e  b r a i n  damage ,  i f  i t  i s  p r e s e n t ,  t e n d s  t o  be  m a n i ­
f e s t  t o  v a r y i n g  d e g r e e s .  T hus ,  b o t h  p r e s e n c e  and  a b s e n c e  o f  p a t h o l o g y  
a r e  m e a s u r e d  s i m u l t a n e o u s l y ,  and  a  g i v e n  i n s t r u m e n t  may be  e v a l u a t e d  
a s  more o r  l e s s  s e n s i t i v e  to  t h e  b e h a v i o r a l  s i g n s  o f  n e u r o p s y c h o l o g ­
i c a l  f u n c t i o n .
The s e c o n d  q u e s t i o n  r e l a t e s  t o  t h e  s t a t i s t i c a l  and p r a c t i c a l  
p r o b l e m  o f  t r u e  v e r s u s  f a l s e  d i a g n o s t i c  d e c i s i o n s ,  b o t h  p o s i t i v e  and 
n e g a t i v e .  W h e r e a s ,  on  a  s t a t i s t i c a l  l e v e l ,  v a l i d i t y  o f  r e s e a r c h  f i n d ­
i n g s  i s  a  p r i m a r y  c o n c e r n ,  on a  p r a c t i c a l  l e v e l ,  p a r t i c u l a r l y  i n  
n e u r o p s y c h o l o g y ,  t h e  s t a k e s  a s s o c i a t e d  w i t h  i n c o r r e c t  d i a g n o s i s  may 
be somewhat  h i g h e r .  In  t h i s  c o n t e x t ,  a f a l s e  p o s i t i v e  d e c i s i o n  w i l l  
r e s u l t  i n  a s u p e r f l u o u s  n e u r o l o g y  c l i n i c  r e f e r r a l .  On t h e  o t h e r  h a n d ,  
a f a l s e  n e g a t i v e  d e c i s i o n  may r e s u l t  i n  a m i s s e d  d i a g n o s i s ,  and a t  
w o r s t ,  d e b i l i t a t i n g  o r  l e t h a l  c o n s e q u e n c e s  f o r  t h e  p a t i e n t .  O b v i o u s l y ,  
some c o s t  i s  a s s o c i a t e d  w i t h  e i t h e r  a l t e r n a t i v e .  A v o i d a n c e  o f  t h e  
e t h i c a l  c o s t s  o f  t h e  l a t t e r  seems t o  j u s t i f y  t h e  i n c r e a s e d  economic  
c o s t s  o f  t h e  f o r m e r .
A t e s t  t h a t  p r o d u c e s  a h i g h  f r e q u e n c y  o f  a c c u r a t e  d i a g n o s e s  
o f  t h e  a b s e n c e  o f  b r a i n  damage ( e s s e n t i a l l y  a  n e g a t i v e  d e c i s i o n )  i s  
more  l i k e l y  t o  a l s o  p r o d u c e  a h i g h e r  f r e q u e n c y  o f  f a l s e  n e g a t i v e
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d e c i s i o n s ,  t h a t  i s ,  d e c i s i o n s  c h a t  b r a i n  damage i s  a b s e n t  when t h e r e  
i s  i n  f a c t ,  a  l e s i o n  p r e s e n t .  C o n v e r s e l y ,  a t e s t  w h i c h  p r o d u c e s  a 
h i g h  f r e q u e n c y  o f  p o s i t i v e  d i a g n o s e s ,  t h a t  i s ,  d i a g n o s e s  o f  t h e  p r e s ­
ence  of  b r a i n  damage ,  i s  a l s o  mor e  l i k e l y  t o  p r o d u c e  a h i g h e r  r a t e  o f  
f a l s e  p o s i t i v e  d i a g n o s e s .
Under  t h e  c u r r e n t  l i n e  o f  r e a s o n i n g ,  t h e  Symbol D i g i t  Mo da l ­
i t i e s  T e s t  a p p e a r s  t o  be  t h e  more  u s e f u l l y  s e n s i t i v e  o f  t h e  two t e s t s  
s i n c e  t h e  e r r o r s  i t  i s  more l i k e l y  t o  make a r e  e t h i c a l l y  m ore  a c c e p t ­
a b l e  t h a n  t h o s e  t h a t  t h e  B e n d e r  G e s t a l t  seems m o s t  l i k e l y  t o  m a k e .
A s e c o n d  c o n c l u s i o n  t o  be dr a w n  f r o m  t h e  c u r r e n t  s t u d y  r e l a t e s  
to t h e  i s s u e  o f  com bin ed  u s e  o f  t h e  two t e s t s  a s  a s c r e e n i n g  b a t t e r y .
I t  was h y p o t h e s i z e d  t h a t  u s e  o f  t h e  two t e s t s  t o g e t h e r  w o u l d  make  i t
p o s s i b l e  t o  o b t a i n  a h i g h e r  f r e q u e n c y  o f  c o r r e c t  d i a g n o s e s  o f  e i t h e r  
Che p r e s e n c e  o r  a b s e n c e  o f  b r a i n  damage  t h a n  c o u l d  be  o b t a i n e d  u s i n g  
e i t h e r  o f  t h e  two t e s t s  a l o n e .  The d a t a  r e l a t i n g  t o  t h i s  q u e s t i o n  
were  m i x e d .  Wi th  r e g a r d  t o  d i a g n o s i s  o f  t h e  p r e s e n c e  o f  b r a i n  d am ag e ,  
i t  was shown t h a t  combined  u s e  o f  t h e  two t e s t s  p r o d u c e d  s t a t i s t i c a l l y  
s i g n i f i c a n t  i n c r e a s e s  i n  c o r r e c t  d i a g n o s i s  o n l y  when t h e  s c o r e s  f o r  
t h e  SDMT w e r e  added  t o  t h o s e  o b t a i n e d  f rom  t h e  BGT. When t h e  s c o r e s  
f o r  t h e  BGT w e r e  a dd ed  to  t h o s e  o b t a i n e d  f r o m  t h e  SDMT, no s t a t i s t i ­
c a l l y  s i g n i f i c a n t  i n c r e a s e  o v e r  t h e  i n d i v i d u a l  u s e  o f  t h e  SDMT was
n o t e d ,  a l t h o u g h  a d d i t i o n  o f  t h e  BGT s c o r e s  d i d  i n  f a c t  i n c r e a s e  t h e
f r e q u e n c y  o f  c o r r e c t  d i a g n o s i s  by 9 . 7  p e r c e n t  (3 c a s e s ) .  C l e a r l y ,  
i n  t h e  p r e s e n t  s t u d y ,  t h e  SDMT c o n t r i b u t e d  more  tow ard  i n c r e a s i n g  t h e  
a c c u r a c y  o f  t h e  d i a g n o s t i c  p r o c e d u r e  t h a n  d i d  t h e  BGT a l t h o u g h  t h e  
c o n t r i b u t i o n  o f  t h e  l a t t e r  s h o u l d  n o t  be  i g n o r e d  i n  t h e  c l i n i c a l  s e t ­
t i n g .
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The t h i r d  c o n c l u s i o n  t a k e n  f r o m  t h e  p r e s e n t  s t u d y  r e l a t e s  t o  
t h e  u s e  o f  t h e  v a r i o u s  o b j e c t i v e  s c o r i n g  s y s t e m s  a v a i l a b l e  f o r  t h e  BGT. 
As h a s  b e e n  n o t e d ,  t h e s e  s c o r i n g  m e t h o d s  v a r y  i n  t e r m s  o f  t h e  number  
o f  s i g n s  i n c l u d e d  and  t h e  ma nn e r  i n  w h i c h  w e i g h t e d  v a l u e s  a r e  a s s i g n e d  
to  e a c h  o f  t h e  s i g n s .  The l i t e r a t u r e  r e v i e w  i n  c h a p t e r  I I  shows c o n ­
s i d e r a b l e  v a r i a n c e  i n  t h e  r e s u l t s  o b t a i n e d  w i t h  any  o f  t h e s e  m e t h o d s  
u n d e r  e x p e r i m e n t a l  c o n d i t i o n s .  W h i l e  t h e s e  v a r i a n c e s  may be  p a r t i a l l y  
e x p l a i n e d  i n  t e r m s  o f  t h e  u n i q u e  c h a r a c t e r i s t i c s  o f  t h e  s t u d y  s a m p l e s  
i n v o l v e d ,  t h e  f i n d i n g s  f r o m  t h e  p r e s e n t  s t u d y  s u g g e s t  t h a t  a p o s i t i v e  
r e l a t i o n s h i p  e x i s t s  b e t w e e n  t h e  number  o f  s i g n s  i n c l u d e d  i n  a  g i v e n  
s y s t e m  and  i t s  o v e r a l l  d i a g n o s t i c  a c c u r a c y .  T h u s ,  i n  r e t r o s p e c t ,  u s e  
o f  t h e  H a i n  s y s t e m  r a t h e r  t h a n  o n e  o f  t h e  m o re  e x t e n s i v e  m e t h o d s  a v a i l ­
a b l e  may c o n s t i t u t e  a  w e a k n e s s  i n  t h e  p r e s e n t  r e s e a r c h  d e s i g n .  How­
e v e r ,  t h e  o r i g i n a l  p u r p o s e  o f  t h e  s t u d y  w a s  t o  e v a l u a t e  t h e  two t e s t s  
a s  s c r e e n i n g  d e v i c e s  r a t h e r  t h a n  s t r i c t l y  d i a g n o s t i c  i n s t r u m e n t s .
I f  t h e  s c r e e n i n g  p r o c e s s  i s  u n d e r s t o o d  t o  b e  somewhat  b r o a d e r  and  
mor e  g e n e r a l ,  a s  w e l l  a s  b r i e f e r  i n  d u r a t i o n  t h a n  t h e  d i a g n o s t i c  p r o ­
c e s s ,  t h e  l o g i c  o f  u s i n g  t h e  s h o r t e r  s c o r i n g  method  i s  a p p a r e n t .
T h i s  o b s e r v a t i o n  c o r r o b o r a t e s  t h e  o b s e r v a t i o n s  o f  Lacks  (1979)  r e g a r d ­
i n g  t h e  Hain  s c o r i n g  s y s t e m  f o r  t h e  BGT.
F i n a l l y ,  t h e  p r e s e n t  s t u d y  c o r r o b o r a t e s  t h o s e  f i n d i n g s  n o t e d  
e a r l i e r  by G o l d b e r g  ( 1 9 5 9 ) ,  Korman and  Blu m be rg  ( 1 9 6 3 ) ,  Watson  ( 1 9 6 8 ) ,  
and  t h e  o p i n i o n s  e x p r e s s e d  by B i g l e r  an d  E h r f u r t h  ( 1980,  1981) and  
L e z a k  (1976)  , w h i c h  s u g g e s t  t h a t  t h e  BGT i s  o f  l i m i t e d  u s e  a s  a  n e u r o ­
d i a g n o s t i c  i n s t r u m e n t .  On t h e  o t h e r  h a n d ,  t h e  p r e s e n t  f i n d i n g s
r e l a t i n g  to  t h e  o v e r a l l  d i a g n o s t i c  a c c u r a c y  o f  t h e  SDMT a r e  somewhat  
l e s s  c o n c l u s i v e  t h a n  e x p e c t e d  i n  l i g h t  o f  t h e  f i n d i n g s  r e p o r t e d  by
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C a m p b e l l ,  Bogen,  and  S m i t h  (1981) and by S m i t h  ( 1 9 6 9 ) .
The somewhat  l o w e r  f r e q u e n c y  o f  c o r r e c t  d i a g n o s e s  a t t a i n e d  by 
t h e  SDMT in  t h e  p r e s e n t  s t u d y  may be  a c c o u n t e d  f o r ,  i n  p a r t ,  i n  t e r m s  
o f  t h e  u n iq u e  c h a r a c t e r i s t i c s  o f  t h e  s t u d y  s a m p l e .  T h a t  i s ,  many o f  
t h e  s t u d i e s  c i t e d  i n  c h a p t e r  I I  u se d  s u b j e c t s  d r aw n f r o m  p o p u l a t i o n s  
o f  h o s p i t a l  n e u r o l o g y  s e r v i c e  p a t i e n t s  w i t h  c l e a r l y  e s t a b l i s h e d  d i a g ­
n o s e s  o r  known p o s t - o p e r a t i v e  c o n d i t i o n s .  T h u s ,  a  more  p l a u s i b l e  co n­
n e c t i o n  cou ld  be  made b e t w e e n  l e s i o n  t y p e  o r  l o c a t i o n  and  t e s t  r e s p o n s e  
p a t t e r n s .  In t h e  p r e s e n t  s t u d y ,  no a t t e m p t  was  made t o  so r e f i n e  t h e  
s a m p l e  inas much  a s  o n e  o b j e c t i v e  o f  t h e  s t u d y  was t o  e v a l u a t e  t h e  
t e s t ' s  p e r f o r m a n c e  i n  a  s i m u l a t e d  s c r e e n i n g  p r o c e s s .  M o r e o v e r ,  t h e  
s e l e c t i o n  c r i t e r i o n  m a d e  no d i s t i n c t i o n  b e t w e e n  s u b j e c t s  w i t h  r e g a r d  
t o  t h e  r i g o r  o f  t h e  d i a g n o s t i c  p r o c e s s  t o  w h i c h  t h e y  had  b e e n  e x p o s e d .  
T h u s ,  p o t e n t i a l  f o r  a  h i g h e r  f r e q u e n c y  o f  f a l s e  d i a g n o s t i c  d e c i s i o n s  
e i t h e r  p o s i t i v e  o r  n e g a t i v e ,  was i n c r e a s e d .  N o n e t h e l e s s ,  t h e  c o r r e c t  
r e s u l t s  s u g g e s t  t h a t  t h e  SDMT i s  i n d e e d  u s e f u l  a s  a  n e u r o p s y c h o l o g i c a l  
s c r e e n i n g  t e s t  w h e t h e r  i t  i s  u sed  a l o n e  o r  i n  c o n j u n c t i o n  w i t h  a  more 
e x t e n s i v e  b a t t e r y  o f  t e s t s .
I m p l i c a t i o n s  
I m p l i c a t i o n s  f o r  P r a c t i c e  
B ecause  t h e  c u r r e n t  r e s e a r c h  t o o k  p l a c e  i n  a n  a c t u a l  a p p l i e d  
s e t t i n g ,  and b e c a u s e  a  d e l i b e r a t e  a t t e m p t  w a s  made t o  a p p r o x i m a t e  t h e  
i n t e n d e d  a p p l i c a t i o n  o f  t h e  t e s t s  e v a l u a t e d ,  c e r t a i n  i m p l i c a t i o n s  f o r  
c l i n i c a l  p r a c t i c e  a r e  s u g g e s t e d .  I n  t h e  a p p l i e d  s e t t i n g ,  s e v e r a l  c o n ­
s i d e r a t i o n s  i n t e r f a c e  i n  t h e  p r o c e s s  o f  s e l e c t i n g  and u s i n g  n e u r o p s y ­
c h o l o g i c a l  t e s t s .  O v e r  and  a bove  t h e  i s s u e  o f  v a l i d i t y  and  r e l i a b i l i t y
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a d d r e s s e d  i n  t h e  p r e s e n t  s t u d y ,  t h e  u n i q u e  c h a r a c t e r i s t i c s  o f  t h e  s e t ­
t i n g  and  t a r g e t  p o p u l a t i o n ,  and  e a s e  o f  a d m i n i s t r a t i o n  and s c o r i n g  
a r e  c o n s i d e r a t i o n s  t h a t  t h e  p o t e n t i a l  u s e r  w i l l  f a c e .  The f i n d i n g s  
o f  t h e  p r e s e n t  s t u d y  s u g g e s t  t h a t ,  i n  any s e t t i n g  w h e r e  g rou p  a d m i n ­
i s t r a t i o n  an d  r a p i d  s c o r i n g  and  i n t e r p r e t a t i o n  m u s t  be  b a l a n c e d  w i t h  
a  n e e d  f o r  a c c u r a c y ,  t h e  SDMT i s  c l e a r l y  t h e  b e t t e r  c h o i c e .  A lo n g  
t h e s e  same l i n e s ,  i f  o n l y  o n e  s c r e e n i n g  i n s t r u m e n t  c a n  be  u s e d ,  o r  a t  
b e s t  a  v e r y  l i m i t e d  b a t t e r y ,  t h e  SDMT i s  a g a i n  t h e  t e s t  o f  c h o i c e .
I n  t h i s  l a t t e r  r e g a r d ,  t h e  f i n d i n g s  o f  t h e  p r e s e n t  s t u d y  s u g g e s t  t h a t ,  
i f  b r o a d e r  c o v e r a g e  t h a n  i s  p o s s i b l e  w i t h  t h e  SDMT a l o n e  i s  d e s i r e d ,  
t h e  p r a c t i t i o n e r  o r  c l i n i c  a d m i n i s t r a t o r  may b e  w e l l  a d v i s e d  t o  s e e k  
o t h e r  i n s t r u m e n t s  t h a t  a p p e a r  to  t a p  t h e  same n e u r o p s y c h o l o g i c a l  
f u n c t i o n s  a s  d o e s  t h e  BGT, b u t  w h i c h  may do so  w i t h  g r e a t e r  p r e c i s i o n .  
Two t e s t s  w h i c h  come t o  mi nd  a r e  t h e  B e n to n  V i s u a l  R e t e n t i o n  T e s t  
(BVRT) an d  t h e  M i n n e s o t a  P e r c e p t o - D i a g n o s t i c  T e s t  (MPD). Bo th  o f  
t h e s e  i n s t r u m e n t s  a r e  a b i l i t y - o r i e n t e d ,  a s  i s  t h e  BGT. T h e i r  m a j o r  
a d v a n t a g e  i s  t h e  f a c t  t h a t  t h e y  ha v e  be en  c a r e f u l l y  s t a n d a r d i z e d  and 
d e s i g n e d  t o  p r o v i d e  q u a n t i f i e d  s c o r i n g .  The MPD i s  p e r h a p s  t h e  more  
u s e f u l  o f  t h e  two.  Whereas  t h e  BVRT i s  p r i m a r i l y  a  t e s t  o f  v i s u a l  
memory,  t h e  MPD i s  d e s i g n e d  f o r  f o u r  d i f f e r e n t  s t y l e s  o f  a d m i n i s t r a ­
t i o n ,  e a c h  o f  w h i c h  t a p s  d i f f e r e n t  a s p e c t s  o f  n e u r o p s y c h o l o g i c a l  
f u n c t i o n .  T h u s ,  i n  a d d i t i o n  to  t h e  f a c t o r  o f  m ore  c a r e f u l  s t a n d a r d ­
i z a t i o n  a n d  q u a n t i f i e d  s c o r i n g ,  i t  p r o v i d e s  somewhat  b r o a d e r  c o v e r a g e  
t h a n  may b e  p o s s i b l e  w i t h  t h e  Bende r  G e s t a l t .  The  t r a d e - o f f  h o w e v e r ,  
i s  t h a t  t h e y  may r e q u i r e  a  s l i g h t l y  g r e a t e r  s a c r i f i c e  o f  t i m e .
W h e r e a s  t h e  e x t e n s i v e  body o f  r e s e a r c h  r e l a t i n g  t o  t h e  BGT 
h a s  d e m o n s t r a t e d  r a t h e r  e q u i v o c a l  c o n c l u s i o n s  r e g a r d i n g  i t s  u s e f u l n e s s
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a s  a  n e u r o d i a g n o s t i c  t e s t ,  Che w e i g h t  o f  t h e  r e s e a r c h  h a s  demon­
s t r a t e d  i t s  u s e f u l n e s s  a s  an a d j u n c t  p r o j e c t i v e  t e c h n i q u e .  I t  may be 
t h a t  t h e  BGT c a n  b e s t  be i n c l u d e d  i n  d i a g n o s t i c  b a t t e r i e s  f o r  p u r p o s e s  
o f  s c r e e n i n g  f o r  p s y c h i a t r i c  r a t h e r  t h a n  n e u r o l o g i c a l  p r o b l e m s .
I m p l i c a t i o n s  f o r  R e s e a r c h
The p r a c t i c a l  i m p l i c a t i o n s  j u s t  d i s c u s s e d  s u g g e s t  c e r t a i n  
d i r e c t i o n s  f o r  f u t u r e  r e s e a r c h .  W h e r e a s  t h e  u s e f u l n e s s  o f  t h e  BGT a s  
a  n e u r o d i a g n o s t i c  o r  s c r e e n i n g  i n s t r u m e n t  ha s  been  f u r t h e r  c h a l l e n g e d  
by  t h e  p r e s e n t  f i n d i n g s ,  a v e n u e s  o f  f u r t h e r  r e s e a r c h  r e l a t i n g  t o  o r  
u t i l i z i n g  t h e  SDMT r e m a i n  q u i t e  o p e n .
1. In  r e c e n t  y e a r s ,  n e u r o p s y c h o l o g i c a l  r e s e a r c h  h a s  t e n d e d  
more  and more t o  l o o k  to w ard  t h e  p o s s i b i l i t y  t h a t  n e u r o c h e m i c a l  o r  
h o r m o n a l  f a c t o r s  may be  common to  many t y p e s  o f  p s y c h o t i c  o r  v i o l e n t  
b e h a v i o r .  W he la n ,  S c h t e i n g a r t ,  S t a r k m a n ,  and Smi th  ( 19 80 )  h a v e  shown 
t h a t  t h e  SDMT i s  s e n s i t i v e  t o  n e u r o - b e h a v i o r a l  c o r r e l a t e s  o f  C u s h i n g ' s  
s y n d r o m e ,  a  h o r m o n a l  d i s o r d e r  a s s o c i a t e d  w i t h  m a l f u n c t i o n  o f  t h e  a d r e ­
n a l  c o r t e x .  F u r t h e r  r e s e a r c h  r e l a t i n g  t o  t h e  n e u r o - b e h a v i o r a l  c o r r e ­
l a t e s  o f  o t h e r  b i o c h e m i c a l  o r  h o r m o n a l  d i s o r d e r s  i n c l u d i n g  some f o r m s  
o f  m e n t a l  d e f i c i e n c y  may show t h e  SDMT t o  be p a r t i c u l a r l y  s e n s i t i v e
t o  t h e s e  d i s o r d e r s  a s  w e l l .  C e r t a i n l y ,  t h e  p o s s i b i l i t y  t h a t  t h e  SDMT 
c a n  p r o v i d e  a  u s e f u l  means  o f  c o m p a r i n g  t h e  d i f f e r i n g  e f f e c t s  o f  v a r ­
i o u s  syn dro m es  t o  w h i c h  i t  may be  s e n s i t i v e  s h o u l d  n o t  be  o v e r l o o k e d .
2 .  A n o t h e r  d i r e c t i o n  f o r  r e s e a r c h  in  t h e  n e u r o s c i e n c e s ,  i n  
w h i c h  t h e  SDMT c o u l d  p r o v e  u s e f u l ,  i s  i n  t h e  p r e d i c t i o n  o f  v i o l e n t  and 
a s s a u l t i v e  b e h a v i o r .  D u r in g  r e c e n t  y e a r s ,  a s  c r im e  r a t e s  h a v e  s o a r e d ,  
c o u r t  d o c k e t s  become jammed,  and c o r r e c t i o n a l  f a c i l i t i e s  o v e r c r o w d e d .
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t h e  p o s s i b i l i t y  o f  b e i n g  a b l e  to  p r e d i c t  v i o l e n t  o r  a s s a u l t i v e  b e h a v ­
i o r  h a s  become e s p e c i a l l y  i n t r i g u i n g  t o  la w  e n f o r c e m e n t ,  c o r r e c t i o n a l ,  
and p a r o l e / p r o b a t i o n  p e r s o n n e l .  R e c e n t  n e u r o p s y c h o l o g i c a l  r e s e a r c h  
h a s  s o u g h t  to  d e t e r m i n e  w h e t h e r  o r  n o t  some n e u r o c h e m i c a l  f a c t o r s  may 
b e  p r e s e n t  i n  c e r t a i n  i n d i v i d u a l s  and  t e n d  t o  be  a c t i v a t e d  by  e n v i r o n ­
m e n t a l  s t r e s s o r s .  S i n c e  t h e  SDMT h a s  a l r e a d y  d e m o n s t r a t e d  s e n s i t i v i t y  
t o  some sy n d r o m e s  h a v i n g  n e u r o c h e m i c a l  b a s e s ,  i t  may b e  t h a t  i t  would  
p r o v e  u s e f u l  i n  i d e n t i f y i n g  p e r s o n s  w i t h  v i o l e n t  o r  a s s a u l t i v e  t e n d e n ­
c i e s .  C e r t a i n l y ,  c l e a r  d e m o n s t r a t i o n  o f  s u c h  n e u r o c h e m i c a l  o r  
h o r m o n a l  f a c t o r s  i n  t h e  c a u s a t i o n  o f  v i o l e n c e ,  a s s a u l t i v e n e s s ,  o r  
o t h e r  c r i m i n a l  b e h a v i o r s  would  hav e  a  p r o f o u n d  e f f e c t  u p o n  c u r r e n t  
e d u c a t i o n a l ,  r e h a b i l i t a t i o n ,  and p s y c h o l o g i c a l  p r a c t i c e .
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DESCRIPTION OF RESEARCH PROJECT
The p u r p o s e  o f  t h e  p r e s e n t  s t u d y  i s  t o  com pa re  two p s y c h o l o g i c a l  
t e s t s  t h a t  a r e  p r e s e n t l y  u s e d  a t  t h e  R e c e p t i o n  and G u i d a n c e  C e n t e r ,
S t a t e  P r i s o n  o f  S o u t h e r n  M i c h i g a n ,  t o  o b t a i n  I n f o r m a t i o n  a b o u t  t h e i r  a b i l ­
i t y  t o  d i s c r i m i n a t e  b e t w e e n  p e r s o n s  who ha ve  a h i s t o r y  o f  b r a i n  i n j u r y ,  
and t h o s e  who do n o t .
Each  p a r t i c i p a n t  i n  t h e  p r o j e c t  w i l l  be a s k e d  t o  c o m p l e t e  two 
s h o r t  p s y c h o l o g i c a l  t e s t s .  T h e s e  t e s t s ,  t h e  Bender  G e s t a l t  T e s t  an d  t h e  
Symbol  D i g i t  M o d a l i t i e s  T e s t ,  a r e  p a p e r - a n d - p e n c i l  t e s t s  l i k e  t h o s e  you 
may h a v e  t a k e n  w h i l e  i n  s c h o o l ,  o r  a t  t h e  t i m e  you e n t e r e d  t h e  c o r r e c t i o n s  
s y s t e m .  A l t h o u g h  o n e  o f  t h e  t e s t s  i s  t i m e d ,  t h e r e  i s  no s e t  t i m e  l i m i t  
f o r  t h e  s e c o n d ,  and  m o s t  p e o p l e  a r e  a b l e  t o  c o m p l e t e  b o t h  t e s t s  i n  a b o u t  
t h i r t y  m i n u t e s .
S c o r e s  f r o m  t h e  two t e s t s  w i l l  be  a n a l y z e d  by  s t a t i s t i c a l  p r o c e ­
d u r e s  d e s i g n e d  t o  I n d i c a t e  w h i c h  o n e  m o s t  a c c u r a t e l y  d i s c r i m i n a t e s  p a r t i c ­
i p a n t s  w i t h  h i s t o r i e s  o f  b r a i n  damage  f ro m  t h o s e  w i t h o u t  s u c h  h i s t o r i e s .
Once t h e  p a r t i c i p a n t  h a s  c o m p l e t e d  t h e  two t e s t s ,  a l l  i d e n t i f y i n g  
i n f o r m a t i o n  w i l l  b e  d e l e t e d  f r o m  t h e  t e s t  p r o t o c o l  so  t h a t  when t h e  t e s t s  
a r e  s c o r e d ,  t h e  i d e n t i t y  o f  t h e  r e s p o n d e n t  w i l l  be  unknown t o  t h e  s c o r e r .
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APPENDIX 2
CERTIFICATION OF INFORMED CONSENT 
TO PARTICIPATE IN NEUROPSYCHOLOGICAL ASSESSMENT RESEARCH
I c e r t i f y  t h a t  I h a v e  r e c e i v e d  b o t h  a w r i t t e n  d e s c r i p t i o n  a n d  an  
o r a l  e x p l a n a t i o n  o f  t h e  a b o v e  r e s e a r c h  p r o j e c t ,  t h a t  s a i d  d e s c r i p t i o n  and  
e x p l a n a t i o n  w e r e  f u l l  and c o m p l e t e ,  and t h a t  I u n d e r s t a n d  t h e  e s s e n t i a l  
n a t u r e  o f  t h e  r e s e a r c h  p r o j e c t .
I f u r t h e r  c e r t i f y  t h a t  a t  no t im e  h a v e  I b e e n  i n  any  m a n n e r  s u b ­
j e c t  t o  c o e r c i o n  o r  p r e s s u r e  t o  p a r t i c i p a t e  i n  t h e  above  r e s e a r c h  p r o j e c t .
I h e r e b y  c o n s e n t  a n d  a g r e e  t o  p a r t i c i p a t e  i n  t h e  ab ove  r e s e a r c h .
I u n d e r s t a n d  t h a t  I h a v e  t h e  r i g h t  t o  w i t h d r a w  f r o m ,  and  t o  r e f u s e  f u r t h e r
p a r t i c i p a t i o n  i n  t h e  p r o j e c t  a t  my d i s c r e t i o n .
S i g n e d :  
Date  : 
W i t n e s s e d  :
( p r i n c i p a l  r e s e a r c h e r )
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APPENDIX 3
ÎIELEASH OP MEDICAL INFORMATION
To Whom i t  May C o n c e r n :
P l e a s e  p r o v i d e  Mr.  Bru ce  R. W r i g h t  w i t h  t h e  h e a l t h / m e d i c a l / s u r -  
g i c a l  r e c o r d s  s p e c i f i e d  b e l o w .
The above named p e r s o n  h a s  my p e r m i s s i o n  t o  s e e k  a c c e s s  t o  my 
h e a l t h / m e d i c a l / s u r g i c a l  r e c o r d s  f o r  t h e  p u r p o s e  o f  p r o v i d i n g  d a t a  
p e r t i n e n t  t o  h i s  r e s e a r c h  i n  n e u r o p s y c h o l o g i c a l  a s s e s s m e n t .
S i g n e d  : 
R e s . No : 
D a te  :
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a p p e n d i x  4
TEST FIGURES FOR 
THE BENDER GESTALT TEST
o o t o o 0 9 o e o
o o i o o o o o o o
o o f o a o o o o O
2.
i,.\ rr
R e p r o d u c e d  f r o m  t h e  Ben de r  V i s u a l  M o to r  G e s t a l t  T e s t ,  c o p y r i g h t  1938  
by  t h e  A m e r i c a n  O r t h o p s y c h i a t r i c  A s s o c i a t i o n .  R ep r o d u c e d  by p e r m i s s i o n .
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APPENDIX 5
SCORING SYSra-I FOR THE BENDER GESTALT TEST 
U n iv e r s i ty  o f  V i r g in ia  School o f M ed ic ine  
Jack  D. ILain, Ph.D.
Ig a c r u c c io a a
The in a c ru c c io n a  u sod  h e re  in  p re s e n c in g  th e  Bender O e a ta lc  ceac a r e  
sosew hac d i f f e r e n t  f r o a  B e n d e r 's  o r i g i n a l  io a t r u c c io n s .  U nless the  i n s t r u c ­
t io n s  g iven  h e re  a r e  u se d  i n  a d a in i s to r ln g  t h i s  t o s t ,  t h i s  s c o r in g  system  
sh o u ld  no t be u t i l i z e d .
The ca rd s  a r e  p r e s e n te d  one a t  a  tim e  and a re  a l ig n e d  a t  th e  top o f  th e  
s h e e t  o f  p a p e r .  The p a p e r  i s  p laced  i n  f r o n t  o f  th e  s u b je c t  in  a  v e r t i c a l  
p o s i t i o n .  The s u b je c t  i s  t o ld ,  "H ere  a r e  some f ig u re s  ( d e s ig n s )  fo r  you to  
copy . Make your copy  a s  much l ik e  th e  drcw ing  on th e  c a r d  a s  you c a n ."  I f  
th e  s u b je c t  a s k s  q u e s t io n s  such as  ; "^ .hou la  l  count th e  d o t s , "  o r  "Does i t  
have to  be e x a c t ly  l i k e  th e  c a rd ,"  ^ n ^ u e r  . 'Ju jr . xal o y o u r draw ing  a s  oaich 
l i k e  t h i s  one ( i n d i c a t i n g  t h e  d o s i- j ..  j n  t o  . .  . / o .
The s u b je c t  i s  a llo w e d  to  p ick  . i j  thw e a r n .  .-iZ ao l a  nor. * H ound to  
r o t a t e  the  c a rd  o r  p a p e r .  I f  be tbw t z s a i a a r  sh o û lo  p u t th e  c a rd  o r
p ap e r o r  both  back  i n t o  th e  c o r r e c t  o r i e n t a t i o n  and s a y ,  ' i t  ca ist be c o p ie d  
t h i s  w ay." The p a p e r  may be  te m p o ra r i ly  tu rn e d  by th e  p a t i e n t  to  com plete  
one p a r t  o f  a  d e s ig n ;  b u t  i f  i t  seems a s  i f  th e  s u b je c t  in te n d s  to  ex e cu te  
th e  e n t i r e  d e s ig n  w i th  th e  paper tu r n e d ,  th e  cacaninar s h o u ld  r e o r i e n t  o r  
d i r e c t  th e  s u b je c t  t o  r e o r i e n t  th e  p a c e r  i n to  i t s  o r i g i n a l  p o s i t io n .
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S c o r in g  D ire c tio n s
Each s ig n  la  s c o re d  once p a r  r e c o rd .  Tha Score S h e e t  ( s e e  a t ta c h e d  
f o r a )  I s  d oslgned  to  f a c i l i t a t e  s c o r in g .  The e a s i e s t  a n d  c o s t  a c c u r a te  p r o ­
c e d u re  f o r  a c o rin g  I s  to  fo l lo w  th e  o rd e r  o f  th e  s ig n s  o a  t h e  re c o rd  a h c e t .  
C o n a id e r  one s ig n  a t  a  t l s ie  a n d  re v ie w  th e  o n t l r a  p r o to c o l  one a t  a
by lo o k in g  f o r  th e  s ig n  under c o n s id e r a t io n .  When a  s ig n  i s  n o te d , i t s  w e ig h t  
a s  g iv e n  on th e  S co re  S h e e t i s  r e c o rd e d  on th e  Score S h e a t i n  th e  a p p r o p r ia t e  
p la c e .  The p ro ced u re  i s  r e p e a te d  f o r  th e  n e s t  o ign  and  ao  on u n t i l  th e  p r o to ­
c o l  h a s  been rsv iow ed  f o r  a l l  f i f t e e n  s ig n s .  Tha t o t a l  s c o r e  i s  th e  gum o f  th e  
w e ig h ts  ( p o in ts )  re c o rd e d  on th e  S c o re  S hoot.
S c o rin g  C r i t e r i a  
S ig n s  sc o re  o n ly  oa d o a lg n s  I n d ic a te d  In  p a ra t th o a e s .
1. Persoveratlon
Two ty p es  o f  p e r s e v e r a t io n  a r o  sc o re d . I f  b o th  o c c u r ,  th e  s ig n  i s  
s c o re d  o n ly  once .
(a )  Type 1 -  I n t r a - d e s ig n  ^ c z so v c rz tlo n  (.doalgns 1 , 2 ,  3 , 5 , a n d  6) 
D esign  1: Mora l4
D esign  2 : More th a n  L2 (13) r c 'j j  w here  th o  s t l c u l u s  f ig u r e
has  10 (11) rcyys 
D esign  3 :  More th a n  1 d o t  in  1 s t e le sc tn c
4 d o ts  in  2nd 
7 d o ts  in  3 rd  
9 d o ts  in  4 th  
More th a n  5 e lem en ts
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D esign  5 : More th a n  27 d o ts  i ji  ch« a r c  o r  o o re  than  11
docs i n  ch« d iag o n a l 
D esign  6 : Mora chan 6 e ra se *  o f  s in u s o id a l  wave* In  e lc h e :
h o r iz o n c s l  o r v e r c lc a l  e a v e s
(b) Type 2 -  R apeacad d e s ig n  p a rs e v e ra c io n  ( a l l  d e s ig n s )
Scored whan th e  s u b je c e  cak es  and f a l l s  Co areas o r  c ro s s  
ouC m ore chan two raproducC lons o f  any  d e s ig n .  I f  cha 
s u b je c t  a s k s  i f  h a  may r e p e a t  cha d e s ig n , t h e  s ig n  io  noc 
s c o re d .
2 . R ocacions and  R e v e rs a ls  ( a l l  d e s ig n s )
T h is  ite m  i s  s c o re d  i f  a  d e s ig n  i s  r o ta t e d  more chan 43 d e g ra ss  f ro a  
1er. a s i s .  R e v e rsa ls  (90  d e g ree  * 270 deg ree  ro c a c io n s )  a r e  sc o ro d  as  
ro c a c io n s .  The a x e s  a r e  i l l u s t r a t e d  below by d o tte d  l i n e s .
- o o > -
• ' O O  o  o  O  o  o  o  o  o  
o o c  C O  o ^ c o a
y
Do noc s c o re  i f  o n ly  one so b p arc  o f  a  d e s ig n  i s  r o t a t e d .  For exem ple, 
Cho fo llo w in g  do n o t  s c o re  f o r  t h i s  s ig n .  They s c o re  f o r  s ig n  ( p a r t i a l  
r o t a t i o n )  I n s te a d .
CD
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3 . C oncroclsn i ( a l l  d a a lg o s )
ThjLa <2esiga l a  r a r e l y  encotm C ared. To « c o re , a  d e s ig n  n u o t be  
re p ro d u c e d  as a c o n c re te  o b j e c t  o ch e r chan cha s t l n u lu a  o b je c t .  Exam ples 
a r e  one 7.oog unbroken  l i n e  to  r e p r e s e n t  th e  l i n e  o f  d o ts  i n  F ig u re  1 ; 
d ia g o n a l  l i n e s  to  r e p r e s e n t  t h a  rows o f  c i r c l e s  i n  F ig u re  2 ;  a  fo rm a tio n  
o f  b i r d - l i k e  e le m en ts  f o r  F ig u re  3 o r  F ig u re  3 d ra sn  t o  resem b le  a  t r e e ;  
F ig u re  6 drawn to  resem b le  s n a k e s . S u b s t i tu t io n  o f  a w r i t t e n  word su c h  a s  
“ d o t , "  “ c i r c l e , "  o r  " a n g le "  f o r  th e  drawn r e p r e s e n ta t io n  o f  such  e le m e n ts  
a l s o  s c o r e s .  Where o b jd c ts  su c h  a s  b i r d s ,  t r e e s ,  o r  sn a k es  a r e  draw n, 
th e  s u b je c t  w i l l  u s u a l ly  v e r b a l i z e  th e  o b je c t  he i s  a t te m p tin g  t o  draw  o r  
o f t e n  w i l l  l a b e l  th e  d raw ing  a s  su c h . The s ig n  i s  n o t sc o re d  i f  a  s u b je c t  
o n ly  ccmments t h a t  a d e s ig n  re se m b le s  some o b je c t  and  does n o t d i s t o r t  
th e  r e p ro d u c tio n  i n  a n  a t te m p t  Co ca k e  i t  look  l i k e  t h e  o b je c t .
4 .  Added A ng les (d e s ig n s  A, 4 ,  7 , and  8)
T h is  ite m  s c o re s  when a n  e x t r a  a n g le  i s  added . The l in e s  fo rm in g  th e  
e x t r a  a n g le  o u s t  be a p p ro x im a te ly  s t r a i g h t  and o u s t  form a  d e f i n i t e  a n g le .  
E arn  s c o r e .  Curves o r  a r c s  r e s u l t i n g  i n  change o f  d i r e c t i o n  o f  a l i n e  do 
n o t  s c o r e .  G ross trem o r r e s u l t i n g  i n  a  Jagged l i n e  does n o t s c o re .  
E x au p les  w hich s c o re :
cx>
Exam ples w hich do n o t  s c o r e :
<
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
90
S. S e p a ra t io n  o f  L ines (d a s ig n a  A, 4 ,  6 , 7 , an d  8)
T h la  Item  e c o raa  whaa any  o n a -u n lc  l i n e  o f  cha atlxaulua l a  re p ro d uced  
a a  two s e p a r a ta  I ln e a  w h ich  do n o t  to u c h . I f  th a  l in e s ,  to u c h , do n o t  s c o r e ,  
Exbstplaa w hich s c o re :
6. O v e rla p  ( a l l  d e s ig n s )
T h is  ite m  s c o re s  when th e  e lem en ts  o f  one d e s ig n  o v e r la p  o r  ru n  I n to  
th e  "space** o f  a n o th e r  d e s ig n .  E xsnp les w hich s c o re :
# < rs
7. D i s to r t i o n  ( a l l  d e s ig n s )
T h is  Item  I s  s c o re d  when th e r e  i s  a  d e s t r u c t io n  o f  th e  g e s t a l t  o f  an y  
d e s ig n  so  t h a t  th e r e  i s  an  ex tre m e  d e p a r tu re  from th e  s t im u lu s .  I f  th a  
sh a p e  o f  th e  o r i g i n a l  s t im u lu s  i s  s o t  r e c o g n iz a b le ,  t h i s  i t s s s  i s  s c o re d .
I f  t h e  f ig u r e  has  l o s t  i t s  form  because  o f  c o o e re tism  ( ite m  3 ) ,  t h i s  i te m  
d o e s  n o t s c o r e .  Exam ples w hich  s c o re :
CD 0 0 0 0
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8 . E a b e lllsh tc cn c a  (d é s ig n a  A, 4 ,  6 , 7 , and  8)
T h is  d e v ia t io n  o c c u rs  r a r e ly  ; b u t im ea  i t  d o es , i t  u s u a l ly  l a  found 
on cu rv ed  d e s ig n s .  To s c o r e ,  a n  eactra  m ea n in g le ss  l i n e  o u s t  be I n c l id e d  
I n  t h e  d e s ig n . E x tra  l i n e s  t h a t  a r e  n o t  i n te g r a t e d  i n to  a  d e s ig n  a r e  s c o re d .  
Such l in e s  a r e  u s u a l ly  i n  a n  e n t i r e l y  o p p o s i te  d i r e c t i o n  f r n s  th e  l i n e  uo 
w h ich  th ey  a r e  n e a r  o r  a t t a c h e d .  Thay a r e  e a s i l y  o v e rlo o k sd  in  s c o r in g ,  
f o r  th e y  a r e  o f t e n  s m a ll and drawn l i g h t l y .  Examples w hich s c o re :
9 . P a r t i a l  R o ta tio n s
Two ty p e s  o f  p a r t i a l  r o t a t i o n  s c o r e .
Type 1 ( a l l  d e s ig n s )  -  When a  d e s ig n  i s  r o ta t e d  more th a n  20
d e g re e s  b u t l e s s  th a n  45 d e g re e s  from I t s  a x is  ( s e a  a x i s  
i l l u s t r a t e d  i n  S ig n  2 a b o v e ).
Type 2 (d e s ig n s  A , 4 , 5 , 6 , 7 , an d  8) -  When o n e , and o n ly  o n e ,
s u b p a r t  i s  r o t a t e d  more th a n  20 d e g re e s , t h i s  ite m  s c o r e s .  
Examples t h a t  s c o re :
CD
S u b p art (d e s ig n s  A, 4 ,  5 ,  6 ,  7 , and 8)
T h is  i te m  s c o re s  when e i t h e r  o f  t h e  two s n b p a r ts  o f  a  d e s ig n  i s  
o m it te d .  The two s u b p a r ts  o f  each  d e s ig n  w hich  s c o re  when o m itte d  a r c :  
D esign A -  c i r c l e ,  sq u s re
4  -  open sq u a re , c u rv e
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5 -  a r c ,  d ia g o n a l e x tc z u lo a
G -  h o r lz o a c a l  wavy l i a a ,  v e r t i c a l  wavy l in e
7 -  v e r t i c a l  hexagon, le a n in g  hexagon
8 -  hexagon, c e n te r  diam ond
11. A b b re v ia t io n  (d ea ig n s  1 and 2)
D esign  1 : S cores when th e  d e s ig n  i s  rep ro d u c e d  w ith  l e s s  th a n  11 d o ts
D esign  2: S cores w here th e  d e s ig n  i s  rep ro d u c e d  w ith  l e s s  Chan 9 (10 )
rows o f  c i r c l e s  w here th e  s c im ilu s  f ig u r e  has 10 ( I I )  row s
12. S e p a ra t io n  (d e s ig n s  A, 4 ,  5 , 6 , 7 , and 8)
This sign scores when chef* i s  s separation betucen subparts of a  
d e s ig n .  I f  th e  s u b p a r ts  to u ch  a t  a l l ,  th e  s ig n  does n o t s c o re .  The
d e s ig n s  and  sub p a r ts  in v o lv e d  i n  t h i s  s c o re  a r e  th e  same a s  th o se  o u t l i n e d
i n  O m ission  o f  S ubpart item  ab o v e .
13 . A bsence o f  E ra su re s
T h is  ite m  sc o re s  i f  th e r e  i s  a  f a i l u r e  to  a t te m p t  to  e ra s e  b l a t a n t
e r r o r s .  I f  th e re  i s  a n y  e r a s u r e  on an y  d e s ig n , t h i s  item  does n o t  s c o r e .
14. C lo s u re  (d e s ig n s  A, 4 , 7 , and 8 )
T h is  ite m  sc o re s  when on a n y  one d e s ig n  more th a n  one a n g le  i s  n o t  
c lo s e d .
13 . D esig n  A P o in t  o f  C o n ta c t (d e s ig n  A)
T h is  item  s c o re s  when th e  sq u a re  and  c i r c l e  to u c h  so  t h a t  e i t h e r
( a )  th e  p o in t  o f  th e  sq u a re  p e n e t r a te s  th e  c i r c l e  w i th  space  se e n  w i th in  
Che o v e r la p  o r  (b) th e  sq u a re  i s  im p e r fe c t ly  form ed so  t h a t  two o f  i t s  s id e s
do n o t  J o in  each  o th e r  b u t  to u ch  th e  c i r c l e .
Exam ple: (a) CX>
(b)
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A P o i n t s  
P e r s e v e r a t i o n  
R o t a t i o n  o r  R e v e r s a l  
C o n c r e t i s m
3 P o i n t s  
Added A n g le s  
S e p a r a t i o n  o f  L i n e s  
O v e r l a p  
D i s t o r t i o n
2 P o i n t s  
E m b e l l i s h m e n t s  
P a r t i a l  R o t a t i o n
I P o i n t
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APPENDIX 6
Name:
D a t e :
BENDER GESTALT TEST SCORE SHEET
O m is s io n
A b b r e v i a t i o n  #1 o r  SZ 
S e p a r a t i o n  
A b s e n c e  o f  E r a s u r e  
C l o s u r e
P o i n t  o f  C o n t a c t  on  F i g u r e  A 
TOTAL
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Symbol Digit Modalities Test
Aaro n  Smith.  Ph.D. 
University of Michigan
APPENDIX 7
Publiihvi by
wpsWCSTCRN fSVCHOCOCICAL SCItVICa PubhsAw and Omnbufr»12031 wUslM* BouiM d U» i wp l M.C aifcmia 9002S
WARNING: Reproduction of this instrument in any form may result in inconsistent ink densities, distortion 
of the stimulus materials, or the introduction of extraneous marks thereby confusing the stimulus fields. 
Any such variation could affect the performance of the subject and invalidate the normative data. Additionally, 
any unauthorized reproduction of this instrument is a violation of copyright law.
Name Sex
Age Birthdate
School
Grade
Hand Used (circle one) Left Right
Date
Written.
Score
Oral
Score
Copyright ®  1973 by WESTERN PSYCHOlOGICAl SERVICES 
Not to be  reproduced m whole or in part w ithout written permission of W estern Psychological S erv ies. 
All rights reserved. 4 5 6 7 8 9 Printed in U.SJk.
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c H r H > + ) —
1 2 3 4 5 6 7 8 9
C >
r  H
+ —
• ) + 1- + ) H C — c r H >
H ( > r — c > + 1- H r ) —
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APPENDIX 8
ADMINISTRATION AND SCORING INSTRUCTIONS 
FOR THE SYMBOL DIGIT MODALITIES TEST
A D M IN ISTRA TIO N
T he S D M T  requires (he exam inee (o substitute a 
num ber, e ither orally or w ritten, fo r random ized presen­
ta tions o f geom etric figures. The app ro p ria te  num ber is 
shown in a key containing the A rabic num bers 1 through 
9, each o f which is paired with a different geom etric 
symbol.
F o r large-scale screening applications, the suggested 
s tandard  procedure is initial g roup adm inistra tion  with 
the w ritten version of the S D M T  followed by re­
exam ination  with the oral version of the  test when neces­
sary. G ro u p  written tests are easily adm inistered and 
scored in a relatively short time. T hus, the S D M T  offers 
an eeonom ical m ethod for early screening of apparently 
norm al children and adults for possible covert m anual 
m otor, visual, learning, a n d /o r  o th e r cerebral defects. 
S ubnorm al scores on the written version o f the S D M T  
may be obtained for a variety of reasons including 
“crabbed" w riting by left-handed exam inees or awkward 
w riting w ith the right hand. Exam inees, especially chil­
dren , w ith written scores more than  1 standard  deviation 
below their app rop ria te  age-sex norm  should be re­
exam ined w ith the oral S D M T in o rd e r  to avoid unneces­
sary referrals. This procedure should especially be fol­
lowed when the S D M T  is used alone as a screening 
procedure.
C o p y r i g h t  1973,  1 9 7 6 ,  1982,  by Wes 
by p e r m i s s i o n  o f  w e s t e r n  P s y c h o l o g  
Los A n g e l e s .  CA. 90025
Administering the W ritten Version 
of the SD M T
This version of the test may be either group o r indi­
vidually adm inistered. The test form  is handed to the 
examineefs) and the following instructions arc read aloud 
by the exam iner (examiner reads only the boldface 
words):
Please look at these boxes at the (op of the page. 
You can see (hat each box in the upper row has a 
little m ark in it. Now look at the boxes in the row Just 
underneath  the m arks. Each o f the boxes under the 
m arks has a num ber. Each of the m arks in the top 
row is different, and under each m ark in the bottom  
row is a different num ber.
Now look at the next line o f boxes (exam iner 
points to line of boxes) Just under the top tw o rows. 
N otice tha t the boxes on the to p  have m arks, but the 
boxes underneath  are em pty. You are to  fill each 
em pty box with the num ber th a t should go there 
according to  the way they are paired in the key a t the 
top of (he page. For exam pie, if  you look at the first 
m ark , and  then look up at the key, you will see that 
the num ber I goes in the first em pty box. So write the 
num ber 1 in the first box. Now, what num ber should 
you put In the second box? (N um ber S) T hat's right. 
So write the num ber 5 in the second box. W hat 
num ber goes In the third b o x ' (N um ber 2) Two, 
right. T hat is the idea. You are to fill each o f the 
em pty boxes with the num bers that should go in 
them  according to  the key. Now for practice, fill in 
the rest o f  the buses until you come to the double 
line. W hen you come to the double line, stop.
The exam iner should check to sec that each exam i­
nee understands the task. Any errors made in the first 10 
practice responses should be imm ediately pointed out by 
the exam inerand  corrected by the exam inee. If an exam i­
nee has not understood the nature o f the task, the instruc­
tions are repeated with further exam ples until the nature 
of the test is clearly understood. T he exam iner then con­
tinues with the following instructions:
N ow when I say “ G o!" w rite in the num bers just 
like you have been doing as fast as you can until I say 
“ S top!" W hen you come to the end o f the first line, 
go quickly to  the next line w ithout stopping, and so 
on. If you m ake a m istake, do  not erase. Just write 
the correct answer over your m istake. I repeat, DO 
NOT E R A SE as you will waste time. Ju st write the 
correct answer over your m istake. D o not sk ip  any 
boxes and work as quickly as you can. Ready? Go! 
t e r n  P s y c h o l o g i c a l  S e r v i c e s .  R e p r i n t e d  
i c a l  S e r v i c e s .  12031 W i l s h i r e  B l v d . .
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Exactly 90 seconds fro m  star tiny, the exam iner iays:
Stop!
In group adm inisirationa, care should be taken to 
ensure tha t each exam inee understands the task , and tha t 
all start prom ptly and stop imm ediately at the “ C o!" and 
"S top!" com m ands.
Administering the Oral Version of the SD M T
The oral version of the S D M T  can only be adm inis­
tered individudily since it requires that the e.xamincr 
record the exam inee's responses. If the exam inee has not 
been given the written version of the test and the oral 
version is the only form adm inistered, as in the case o f the 
exam inee who is unable to  write, the exam inee com pletes 
the first 10 boxes for practice just as in the w ritten version.
The instructions are essentially the same as for the w ritten 
version except that the exam inee is told to speak the 
rcspo.iscs instead of writing them  down. The test form  is 
placed before the exam inee and the following instructions 
are read aloud by the exam iner (exam iner reads only the 
boldface words);
Please look at these boxes at the top o f  the page.
You can see that each box in the upper row has a 
little mark in it. Now look at the boxes in the row just 
underneath the marks. Each of the boxes under the 
n* rks has a number. Each o f the marks In the top 
row is different, and under each mark in the bottom  
row is a different number.
Now look at the next line of boxes (exam iner 
points to the line of boxes) just under the top two 
roiTS. Notice that the boxes on the top have marks, 
but the boxes underneath are empty. You are to fill 
each empty box with the number that should go 
there according to the way they are paired in the key 
at the top o f the rage and tell me what the number Is.
For exam ple, if you look at the first mark, and then 
look at the key, you will see that the number 1 goes in 
the first box. So you call out the number 1 for the 
first box. Now, what number should you put In the 
second box? Just call It out to me. (N um ber 5) That's 
right. So you would say "5" to me. What number 
goes in the third box? (N um ber 2) Two, right. That is 
the idea. You are to fill each o f the empty boxes with 
the numbers that should go In them according to the 
key and call the numbers out to me. N ow  for prac­
tice, tell me the numbers that fill in the rest o f the 
boxes until you come to the double line. When you 
come to the double line, stop.
If the exam inee has not understood  the n a tu re  o f  the 
task, the instructions arc repeated with fu rther exam ples
C o p y r i g h t  1 "7 3 ,  1976 ,  1982 ,  by W e s t e r n  P s y c h o l o g i c a l  S e r v i c e s .  R e p r i n t e d
by p e r m i s s i o n  o f  W e s t e r n  P s y c h o l o g i c a l  S e r v i c e s ,  1203 1 W i l s h i r e  B l v d . ,
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until the nature of the test is clearly understood. The 
exam iner then continues with the following instructions;
Now when I aay"Go! "call out the numbers just 
like you have hecn doing until I say "Stop!" I will 
write the numbers down for you. When you come to 
the end o f the first line, go quickly to the next line 
without stopping, and so on. If you make a mistake, 
tell me what you think the correct answer is. Do not 
skip any boxes and work as quickly as you can. 
Ready? Go!
Exactly 90 seconds fr o m  starting, the exam iner says: 
S top!
If the oral version of the SD M T is a retest given 
shortly after thcadm in istra tion  of the w ritten version, the 
exam inee is not allowed to practice again. A blank 
S D M T  form is handed to the examinee and  the exam iner 
says the following:
N ow w ell do the same thing again, but .this time, 
instead of you writing the numbers, you are to call 
them out to me and 111 write them down. When I say 
"Co!" begin with the first box on the line and go just 
as quickly sa you can, saying the numbers aloud so 
that 1 can write them down. Ready? Go!
Exactly 90 seconds fr o m  starting, the exam iner says: 
Stop!
SCORING
The score in both w ritten and oral adm inistra tions of 
the test is the num ber of correct substitu tions m each 
90-second interval. This does no t include those substitu­
tions made during the practice period (i.e.. the first 10 
bo.xcs). 1 he total num ber of correct responses can be 
easily found by placing the scoring key over the test form 
and counting the num ber o f  correct responses. This score 
is recorded as a proportion  of the to ta l num ber of 
responses. F or exam ple, a score of 36/39 indicates that 
the exam inee made a to ta l o f  39 responses. 36 correct and 
3 incorrect. The total score provides a m easure of the 
speed and accuracy o f symbol-digit substitutions.
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APPENDIX 9
Table 3
A dult Norms for Menu W ritten and Oral (Retest) SDVÎT Scores by Age C roup and Level of Education
Ar.e Kaiiije
D ev ia tio n 18-24 25-34 3 5 - :4 45- 54 55- 64 65 o r M o .c
U nits* W ritten O ra l W ritten O ral W rltte n O ral W rltten . O ra l W rltten O ral W ritten O rel
12 Y ears o r I ess o f  h d u ca tio n ^
-3 .;' TD 29 27 29 33 27 28 19 23 19 22 6 8
-:.s s o 34 33 33 38 31 34 23 28 23 26 11 14
-2 .0  SD 38 39 37 • 42 35 39 28 33 27 31 15 20
-1 .3  SD 42 44 41 47 39 44 33 38 31 35 20 2.4
-1 .0  SD 46 50 45 51 43 49 38 44 35 40 24 31
-0 .5  SD 50 56 49 56 47 55 42 49 39 45 29 36
0.0 SD 54 61 53 61 52 60 47 54 43 49 33 42
*0.5 SD 59 67 57 65 56 65 52 59 47 54 33
♦1.0 SD 63 73 61 70 60 70 57 64 51 58 42 53
♦1.5 SD 67 78 65 74 64 76 62 70 55 63 47 59
♦2.0 SD 71 84 69 79 68 81 66 75 59 67 51 65
♦ 2 .. 5 . 75 90 73 83 72 86 71 80 63 72 56 70
♦3.0 SD 79 95 77 88 76 91 76 85 67 76 60 76
13 Y ears o r  M o re  o f Education*^
-3 .0  SD 31 32 30 31 21 27 27 32 23 28 10 12
2.5 SO 37 38 35 37 26 33 31 37 27 32 !5 19
-2 .0  SD 42 45 40 42 32 38 35 41 31 37 21 26
-1 .5  SD 47 51 44 48 37 44 40 45 35 41 27 33
-1 .0  -VD 52 57 49 54 43 50 44 .50 39 46 32 39
-0 5 -VM 57 64 53 60 49 55 48 54 43 50 33 46
0 0 SO 62 70 58 66 54 61 52 58 48 54 44 53
-0  5 SD 67 76 62 72 60 67 57 63 52 59 49 60
♦ 1 0  SD 72 S3 67 ■’7 65 72 61 67 56 63 55 o6
♦1.5 SD 77 89 71 83 71 78 65 71 60 68 60 73
♦2.0 SD 82 93 '6 89 77 84 69 76 64 72 66 SO
♦2.5 SD 87 102 SO 95 82 89 73 80 68 77 72 87
*i.O SD 92 108 85 101 88 95 78 84 73 81 77 94
* S D  -  stanüard deviation from the mean. 
'’n = 4 ’ 7
‘=n - K30. C o p y r i g h t  1 9 7 3 ,  1976 , 1982 by  W e s te r n  P s y c h o l o g i c a l  s e r v i c e s .  R e p r i n t e d  
by p e r m i s s i o n  o f  W e s te rn  P s y c h o l o g i c a l  S e r v i c e s ,  12031 W i l s h i r e  B l v d . .  
Los A n g e l e s ,  CA 9 0 0 2 5 .
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MICHIGAN DEPARTMENT OF CORRECTIONS 
MEMORANDUM
TO; Robert R. Walsh, P h .D . ,  A dmin is tra to r  
P s y c h o l o g i c a l  S e r v i c e s  
Reception and Guidance Cenl' i-
DATE: 11 /9 /83
FROM: Robert H. Richardsc
Program Bureau
Pli.lJ.,  C h ie f  of  Research
SUBJECT; Research Proposal  by Drue. Wright
I have reviewed Mr. Wrig ht 's  reseat i.h proposal  e n t i t l e d ,  "The Bender G e s t a l t  
'nd Symbol D i g i t  M o d a l i t i e s  Tests  as Cerebral D y s fu n c t io n  Screening  
Ins trumen ts :  A C. a iparat ive  Evaluat ion" dated October,  1983 and f ind that i t
m e e t s  a l l  o f  the c r i t e r i a  for  approval by tho Program Bureau.  I would 
t h e r e f o r e  urge Mr. Wright to pi ucocd with h is  s tudy s u b j e c t  to  the
f o l l o w i n g :  (1) That he a d v is e  m< o f  the i n s t i t u t i o n s  in which he w i l l  be
working ^60 that  we can confirm that the Warden/Superinte n d en t  o f  each i n s t i ­
t u t i o n  has g iven h i s / h e r  approval;  (2)  That Mr. Wright submit a copy o f  the  
f i n a l  d r a f t  o f  the s tudy to the Program Bureau to confirm the accuracy o f
s t a t e m e n t s  made about the Department o f  C o rrec t io ns ;  and (3)  That Mr. Wright
submit  a f i l e  copy o f  the f i n a l  d r a f t  o f  the study to the Program Bureau for  
i n c l u s i o n  in the Departmental  l i b r a r y .
P l e a s e  t e l l  Mr. Wright th a t  I th orough ly  enjoyed reading h i s  e x c e l l e n t l y  
prepared proposal  and look forward to re ad ing th'' f inal  pro duct .
RHR:lsl
c c : Regional A d m in is t ra to r  F o l tz
S up er in te nd en t  P r e l e s n i k  
J . Ri t e n e u r , Ph.D.
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Perry Johnson 
D ir e c t o r
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December 5 ,  1983
Jay K. Harness ,  M.D. ,  F .A.C.S.  
D i r e c t o r ,  O f f i c e  o f  Health Car
SUBJECT: CORRECTIONS COMMISSION APPROVAL FOR USE OF
HEALTH RECORDS WITHOUT PRISONER APPROVAL
m
©
The a t t a c h e d  d i s s e r t a t i o n  re s e a r c h  proposal  was subm itted to  t h i s  o f f i c e  
to g e n e r a t e  approval f o r  a c c e s s  to p r i s o n e r s '  h e a l t h  r e co rd s  f o r  i d e n t i ­
f i c a t i o n  o f  s u b j e c t s  to be in c lu d ed  in t h e  s t u d y .
Sin ce  no a u t h o r i z a t i o n  to  r e l e a s e  c o n f i d e n t i a l  in f o rm a t io n  w i l l  be 
p o s s i b l e  u n t i l  the r e s e a r c h e r  has reviewed r e co r d s  to  i d e n t i f y  th e  
p a t i e n t s  t o  be i n c l u d e d ,  p o l i c y  d i c t a t e s  t h a t  approval  be s o u g h t  from 
the C o r r e c t i o n s  Commission (PD-OHC-42.01, P r i s o n e r  Health Record ,  
page 3 ,  # 8 ) .
Bet ty  Horton o f  our o f f i c e  has completed t h e  r e q u i s i t e  i n q u i r i e s  
and a d v i s e s  me th a t  B i l l  Kime f e e l s  Program Bureau approval d o e s  n o t  
c o n s t i t u t e  approval  by t h e  Commission. S in c e  t h e r e  w i l l  be no e x p e r i ­
m enta t i on  w i t h  p a t i e n t s ,  I do not  f e e l  i t  i s  n e c e s s a r y  to  approach the  
Pro toco l  P r o t e c t i o n  Review Committee.  I t  appears  t h a t  the  w i s e s t  
course  i s  to  go d i r e c t l y  to  the  C o r rec t io n s  Commission.
P le a s e  n o t e  t h a t  on page 12 o f  th e  r e s ea rc h  p r o p o s a l ,  Mr. Wright  has  
s u g g e s t e d  t h a t  a master  l i s t  o f  s u b j e c t s  be m a in ta ine d  in  t h e  o f f i c e  
o f  th e  C h i e f  P s y c h o l o g i s t ,  RiGC, in  c a s e  he needs  to  r e tu r n  t o  th e  
r e c o r d s .  I t  i s  customary f o r  th e  h ea l th  r eco rd  department  t o  m a i n ta i n  
such a l i s t  in  accord w i th  ACA and DPH s t a n d a r d s ,  to en s u re  t h a t  t h e  
p a t i e n t s '  p r i v a c y  and c o n f i d e n t i a l i t y  r i g h t s  a r e  o b s e rv e d .  Mr. Wright  
has been a d v is e d  t h a t  he would have a c c e s s  to  t h a t  l i s t  a t  any t i m e ,  
and has agre ed  to t h i s  amendment.
I'm su re  Mr. Wright would a p p r e c i a t e  r e c e i v i n g  approval  from t h e  
Commission as soon as p o s s i b l e .
Thank you f o r  your a s s i s t a n c e .
c c ;  Bruce Wright; RiGC
Robert  Ort ,  MD, P h .D . ;  COHC 
R. Richard son ,  P h .D . ;  Program Bureau 
E. Horton,  MHPE; COHC
C S O  I o ;  \ Q  - 7 T
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PORTION OF MICHIGAN CORRECTIONS COMMISSION 
MINUTES FOR FRIDAY JANUARY 6 ,  1984
Cerebral  D y s fu n c t io n  S c r e e n in g  Instrument  Research
Bruce Wright ,  c l i n i c a l  p s y c h o l o g i s t  a t  SPSM, has reques ted  a c c e s s  to  medical  
r e c o r d s  to try to a n a l y z e  which o f  two s c r e e n i n g  d e v i c e s  i s  most e f f e c t i v e  
in  i d e n t i f y i n g  pers on s  who have ce reb ra l  d y s f u n c t i o n  which has been con­
f irm ed  by n e u r o l o g i c a l  s t u d y .  This  r e q u e s t  i s  f o r  a researc h  o f  records  and 
i n v o l v e s  no ex per im enta l  p ro to c o l  for  p r i s o n e r s  th e m s e l v e s .  The p r o j e c t  was 
approved by th e  Commission on a motion from Commissioner Waters , supported  
by Commiss ioner E a rd ley .
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•St«lc III Mii-hif'un
C o rre c tio n s  
C o m m iss io n
c .  K.iiN-ri Ctiiiuii. I 'li.i) J a m e s  B la n c h a r d ,  c i o v c m o r
nMMiiA*. K . J r .  ^  y - ,  ,
i>»ni* U epartm ent o l C orrections
D . I . . -  I . *  r .  M l )  S IM M . T .  M .« .n  n u il .l im ( . I M i . l , i « , n  4INI»
IVrry M. JnhnHon. f) ir i‘r to r
January 24,  1984
Mr. Bruce Wright  
C l i n i c a l  P s y c h o l o g i s t  
R ecepti on  and Guidance Center 
4000 Cooper S t r e e t  
J a c k s o n ,  Michigan 49201
Dear Mr. Wright;
T h i s  i s  to inform you that  the C o r rec t io ns  Commission, on January 6 ,  1984,  
approved y o u r  r e q u e s t  for a c c e s s  to  medical records  as d escr ib ed  in  your  
proposa l  to do researc h  on cerebra l  d y s fu n c t io n  screen ing  in s t r u m e n ts .
B e s t  w ishes  f o r  a s u c c e s s f u l  p r o j e c t .
S i n c e r e l y ,
DEPARTMENT OF CORRECTIONS
Wil l iam L. Kime 
Deputy D i r e c t o r  
Program Bureau
WLKrlsl
c c : J . K. Harness ,  M.D.
John P r e l e s n i k ,  Ph.D. ,  RAGC
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T h e  Univers ity  o f  A l a b a m a  in B i r m i n g h a m
Sc ho o l  o f  M e d i c i n e / D e p a r t m e n t  o f  P sy ch i a t ry /S mo i i an  Psychi at r i c  Cl i nic
M arch  I ,  1984
B ru ce  R. W r ig h t  
119 S o u th  G r e n n e l l  
J a c k s o n ,  Ml 49203
D ear  Mr. W r i g h t :
In  r e s p o n s e  t o  y o u r  l e t t e r  I n q u i r i n g  a b o u t  r e v i s i o n s  o f  my 
p r e l i m i n a r y  m a n u a l  f o r  t h e  B e n d e r  G e s t a l t  t e s t .  I t  h a s  n o t  b een  
r e v i s e d  s i n c e  t h e  o r i g i n a l  p u b l i c a t i o n  I n  1965. S i n c e  t h e n  t h e r e  
h a v e  been  n u m e ro u s  s t u d i e s  u s i n g  my s y s t e m  and r e p o r t e d  I n  t h e  l i t ­
e r a t u r e  b u t  I do n o t  h a v e  a b i b l i o g r a p h y  o f  t h e s e  on h a n d .
You h a v e  my p e r m i s s i o n  t o  r e p r o d u c e  an y  p o r t i o n  o f  t h e  s c o r i n g  
m anual  and t a b l e s  t h a t  y o u  w is h  In  y o u r  d i s s e r t a t i o n ,  w i t h  a p p r o p r i a t e  
c r e d i t  g i v e n .  B e s t  o f  l u c k  w i t h  y o u r  r e s e a r c h .
S i n c e r e l y ,
J a c k  D. H a ln ,  P h .D .  
P r o f e s s o r
JDH/da
U n i v t r r s i t y  S c d t i o n  ' B i f f n i n j < h a m .  A l j h j m . i  J 5 2 9 4  
An Aff i rmat ive  •\ci ion ’ tqi i . i l  O p p o r t u n i i v  f m p l o v c r
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
WPS
I  A Division
109
WESTERN PSYCHOLOGICAL SERVICES 
P u b lish e rs  an d  D istribu to rs
 of M anson  W estern  Corporation •  12031 W ilstiire B oulevard •  Los A ngeles, California 9 0 0 2 5  •  2 1 3  4 7 8  2061
April 10, 1984
Bruce R. Wright 
119 South Grinnell 
Jackson, MI 49203
Dear Mr. Wright:
Thank you for your letter of April 3, 1984 requesting 
permission to reproduce portions of the SYMBOL DIGIT MODALITIES 
TEST in the appendix of your dissertation.
Permission for the reproduction of the following 
material is granted provided each reproduction includes the 
entire copyright notice, at it appears on the published material, 
along with the following information: "Reprinted by permission
of Western Psychological Services, 12031 Wilshire Blvd., Los 
Angeles, CA 90025."
1. Sections of the manual addressing the administration 
and scoring of the test on pages 2 and 3.
2. Table 3 entitled "Adult Norms for Mean Written and 
Oral (retest) Scores by Age Group and Level of Education."
Thank you, again, for your interest in the SYMBOL 
DIGIT MODALITIES TEST and, best of luck in the successful 
completion of your studies.
Sincerely,
Kathleen McWilliams 
Rights and Permissions
KM: se
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D e a r  Mr.  W r i g h t :
P e r m i s s i o n  h a s  b e e n  g r a n t e d  t o  r e p r o d u c e  t h e  t e s t  
f i g u r e s  i f  t a k e n  f r o m P l a t e  I ,  p a g e  4 o f  Dr .  L a u r e t t a  
B e n d e r ' s  m o n o g r a p h ,  A V i s u a l  M o t o r  G e s t a l t  T e s t  and  
I t s  C l i n i c a l  U s e .
P e r m i s s i o n  i s  c o n t i n g e n t  o n  y o u r  l i s t i n g  t h i s  a s  
t a k e n  f r o m  t h e  B e n d e r ®  V i s u a l  M o t o r  G e s t a l t  T e s t  
p u b l i s h e d  by t h e  A m e r i c a n  O r t h o p s y c h i a t r i c  A s s o c i a ­
t i o n ,  1 9 3 8  .
T h a n k  y o u  f o r  y o u r  i n t e r e s t  a n d  c o o p e r a t i o n .
S i n c e r e l y  y o u r s .
M a r i o n  F .  L a n g e r ,  P h . D .  
E x e c u t i v e  D i r e c t o r
/ s d l
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